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LAUREL, MARYLAND

ABSTRACT

Modifications to the Aerotherm Charring Material Thermal Response and Ab-
lation Program (CMA) have been made to resolve deficiencies that were identified
during the Aerospace Nuclear Safety Program's Galileo spacecraft reentry/abla-
tion studies for a Venus-Earth-Earth-Gravity-Assist (VEEGA) trajectory. The pri-
mary modifications deal with integrating the Hunter carbon oxidation subroutine
with the mainstream ablation calculations in CMA. The modified program uses
a surface temperature criterion to determine when to switch between the Hunter
oxidation subroutine and the sublimation tables in CMA. The user has the option
to explicitly define this tem•perature criterion, indirectly define it via a mass loss
parameter, or generate it via a search routine. A related feature uses Hunter's al-
gorithm to compute an "ablation threshold temperature" of the material for switch-
ing between ablation and non-ablator routines.
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SUMMARY

Improvements to the Aerotherm Charring Material Thermal Response and Ab-
lation Program (CMA) code have been made to resolve deficiences that were iden-
tified during the Galileo spacecraft reentry/ablation studies for a Venus-Earth-Earth-
Gravity-Assist (VEEGA) trajectory. They include several new algorithms to merge
the Hunter carbon oxidation subroutine with the mainstream CMA ablation cal-
culations.

A surface-temperature criterion is used for switching from the built-in surface
thermochemistry tables to the Hunter subroutine. Three methods are available for
the CMA user to define the temperature criterion. The first is a constant transition
temperature criterion, the second is a constant mass loss parameter (f3') criterion
that is used to determine the transition temperature, and the last is a search for
a temperature that gives the smoothest transition between the Hunter method and
the surface thermochemistry tables in CMA (based on the slope differential be-
tween both ablation curves).

The modifications discussed in this report include use of the Hunter algorithm
to compute an ablation threshold temperature of the material. The user may then
choose either a constant temperature or use the Hunter algorithm to compute the
temperature that corresponds to a negligible mass loss (i.e., no ablation).

- 7
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INTRODUCTION

Problems with the CMA code that were experienced during the Galileo-VEEGA
reentry/ ablation studies' showed clearly the need for modification to the code.
The following modifications were subsequently recommended:

I . Increase the code's ca,- acity for input data; specifically, to double the capaci-
ty of (a) the time dependent data table (i.e., the reentry environmental data),
(b) the surface thermochemistry subtables (i.e., double the pressure tables and
increase the entries per table), and (c) the nodes of the spatial grid (i.e., the
structural model);

2. Merge Hunter's caibon oxidation algorithm 2 with the CMA code's main-
stream ablation calculations;

3. Amend the Putz and Bartlett mass transfer correlation for blowing effects
on convective heating;

4. Address the numerical characteristics of the surface energy balance in the
diffusion-limited oxidation regime.

The code's capacity for input data (item I above) was completed previously. It
was accomplished by identifying the appropriate arrays in the source code (Ap-
pendix A), increasing their dimension declarations, and recompiling the program.
There was no descriptive memo generated for these minor modifications; however,the data set containing the source codes is listed in the catalog of IBM mainframe

data sets for ANSP.
More recent modifications to the CMA code will be discussed in this report and

we will focus on the algorithms and their implementation. It will be assumed that
the reader is familiar with the CMA code and graphite ablation theory. Detailed
discussions on these topics can be found in Refs. 4 and 5, respectively.

The primary modifications a'e algorithms that merge the Hunter carbon oxida-
tion subroutine with the mainstream CMA ablation calculations (item 2). Efficient

use of the subroutine in CMA has been hindered by the lack of routines that inte-
grate it with the mainstream CMA ablation calculations. The existing implementa-
tion only allows for the Hunl- subroutine to be switched ON or OFT, meaning
that if the mode of ablation changes from oxidation to sublimation or vice versa.
a restart problemn would be required.

Iteras 3 and 4 are future tasks. Work has started on modifying the Putz id
Bartlett blowing option, but it is currently "on hold"; a list of the requirenmuats
for this task is provided herain for future reference. Some thoughts from the au-
thor on item 4 are included in this report.

Sw. ýConn and ('. .C(han, "Prdimiflry GaliIko-VEEGA Ablation wdict,k" Ji1 APt.I.IID-24-7-Ol, EIM-5392. MharhI 1,. 1987.

'I. W. iIuntc. I.. t.. Petini, 1). W. Conn. and P. T. tlrcm3t. "Cahc"ulauon of Cbon Abla.
.ion an a Re-enr)y Body Miring SuirrnsC.`o , trnik FMight.� Journal of Sy-,agft Rock-
ets. Vo4. 23. No. 5. SI.-Oct 1946.

'C. C. Ch-an, -'( at4og of ANSP Data S'ii..C" 1)41' APi. Bll" IAM.7925. (X--obct 6. i9".

""3trc' Manual: A:cothc-rn Chatting Maitcnal Thermai Re-porni and AtbLation Pro•am.

Vrtuon .- Val I.. A.crolh¢m Rqx-,-tt No. UM-70.14. April 19'70.

't.. 1.. f'cini. "'Revic- of Graphite Ablaticn Theozy and Fir:u-cnitital Data." MVft APt
ANSP.M.l. Dccmbct 1971.
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DISCUSSION

The new algorithms that have been added to the CNIA code will now be Jis-
cussed, but in order to follow the discussions on merging the Hunter subroutine,
a brief background on the CMA ablation calculations is first provided. The CMA
code computes values for the surface energy balance equation (Appendix B) using
algorithms for either an ablating or a nonablating material. For the ablating mate-
rial, the chemical and sensible energy components of the surface energy balance
are computed using either (a) the Hunter subroutine (or the surface thermocheniis-
try tables if the Hunter subroutine is not evoked) for oxidation ablation or (b) the
surface thermochemnistry tables for sublimation. For a nonablator, a simple sur-
face energy balance with no mass transfer terms is solved. These stages of the ab-
lation calculations are identified on the typical graphite ablation curvc- in Fig. 1.
The natural logarithm of the material's mass loss parameter (j8') is presented as
a function of the wall surface temperature. The requirements of a merger routine
are to determine the criteria for using ablation or nonablation calculations and ox-
idation or sublimation ablation calculations. These are illustrated in Fig. 1.

4 ( ~Hunter subroutine)

0-

0) a I Sublimation regime

-6 (surface thermo-
0-' G '64 chem istry tab les ',

__ __ __01

V~Ial surfaice temperature (thousands of degrees Ri

Figure 1 Graphite ablation' curve at 1 psi.

Ablation Thmshold Temnperiature
The sxitdi from one to ihe other of the ablation or nonablation routines is trig-

gered after comparing the surface temperature to a threshold temperature criltlron.
If the surface temperature is greater than the threshold tempeature. then the ab-
lating material routines arc used for the s-urfac-e energy balance; t~herwise, the
nonablating material routines ate used. The prcN ious iniplecniclation in CNIA uised
in) all ..ases the lows~et itempeature value from the ablition part of the surface ther.
mochetimstry tablcs, for this criterion, %%hich is inaplitopriate for thc Ifunti:r suhrou-
tine, the nrw imnplemenrtzition refines this Vtcess by using a rewritten forni of the
4"funter algorithmi to Compute the tbhes11old temperature crTiterion that yields a
negligible value of 5' (0-0000l). A% an optioti. the usicr is also allowed to specify
a fixed ablaiion threshold temperature. Impiementation of this algorithmn is in the
partitioned data itt ilBBE.CC*I .SQURCt- &M \A5- PI)S'. ir-embers INPOIJT4.
CBM5. and l'UTABC. The wource code for lhes can be found in Appendix A-

to
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Merging Hunter Subroutine With Mainstream5 Ablation Computations
During CMA ablation calculations, the Hunter subroutine or surface ther-

mochemistry tables are used to compute 0' and the chemical energy term of the
surface energy balance equation, depending on the ablation mechanism. The Hunter
subroutine is used for oxidation ablation, and the surface thermochemistry tables
for sublimation. A switch from one to the other is based on a comparison of the

wall-surface temperature to an "ablation transition temperature" criterion. The
Hunter oxidation method is uscJ whenever the material is ablating and the wall-
surface temperature is less than the ablation transition temperature; otherwise, the
surface thermochemistry tables are used.

The user is given three methods to define the transition temperature criterion
for oxidation and sublimation calculations. First, a constant transition temperature
may be specified by the user. This is the simplest and, computat-onally, least ex-

pensive implementation. Second, a constant mass loss parameter (3') may be speci-
fied by the user. This value of 0' is used to interpolate a corresponding wall tem-
perature from the surface thermochemistry tables, which will be used as the transi-
tion temperature. This option is slightly more expensive than the first option. Third,
a search routine option may be employed. The search routine compares values of
j3' and its derivative from both the surface thermochemistry table and Hunter
subroutine and finds the temperature with smallest differential between these values.
This last option is the most expensive.

At the transition temperature, a step in the merged ablation curve may exist be-
cause the values of ln(,') computed using the Hunter subroutiae and the surface
thermochemistry tables do not necessarily agree (Fig. 2). This may prevent conver-
gence of the surface energy balance near the transition temperature. This step is
avoided by multiplying tic oxidation ablation curve (of 3' versus T. computed

I ~Ab'at~ion curv-@ from
surface thermochomistry

tobwes

I Hunter oxidation curve I

It..ctord by fato at T r

~Oxidation curve

i From Hunlte

If .1subroutine

T itastn

W !ufct tfempertutr (deor•es R)

FIgure 2 Merged ablation curve in modified CMA us-
ing surface thermochemistry tables and Hunter
subroutine-

using the Hunicr subroutine) by the ratio of the Hunter value and the surface ther-
mochcrnivtr.y table valuem Och trarivtion tenpvraiurc. The magpikude of thi; merg1
factor can bc tuittirncd by welc-ting a cr.tcrion that puts the transition temipera-
lure in the diffusion limfited ablation regime.

-IIlI
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Implementation of these algorithms is in the partitioned data set 'BBE.CCCI.
SOURCE.CMA5.PDS', members INPOUT4, CBMS, MERGER, MERGEI, and
MERGE2. The source code listings are in Appendix A.

Economy Feature
An economy feature that was added for use with the Hunter subroutine merger

routines allows the user to specify the frequency of iteration steps at which the
ablation threshold temperature, the oxidation-to-sublimation transition temperature
critc *'-, and the merge factor are recomputed. For analysis cases using a trajectory
with severe transients, the criteria should be recomputed at every iteration step.
On the other hand, if the trajectory is long and has mild transients, recomputing
every five iteration steps may be sufficient. If the user selects a frequency greater
than one iteration per recomputation, a sample problem should be run to verify
that the threshold ablation temperature and merge factor do not change drastical-
ly between iteration steps. Selecting higher frequencies will of course result in in-
creased computing costs.

Code Validation
Several test problems were run to validate each of these options. Results from

these problems were also compared to results from the previous version of the CMA
code. The answers were consistent and in good agreement.

Usage
The executable program is stored in the partitioned data set 'BBE.CC1.

LOAD.MODULES (CMAVO5)' on the mainframe computer. The new features
are activated by a new input line at thc ena of the input file. This line must be
present whether the new features are used or not. It follows the existing JTBL in-
put parameter that is used to select the method for computing oxidation (i.e., to
use the Hunter subroutine or the EST tables). If the new features are to be bypassed,
the new input line should contain zeroes or blanks. A user's guide is provided in
Appendix C, and a sample input file listing can be found in Appendix D.

12
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FUTURE EFFORT

Future code improvement efforts will be devoted to amending the Putz and Bart-
lett mass transfer correlation for blowing effects on convective heating in CMA.
They will also address iteration anomalies of the surface energy balance conver-
gence scheme during ablation calculations in the diffusion limited regime.

Putz and Bartlett Blowing Correlation for Graphite
The existing implementation of the Putz and Bartlett blowing correlation for

graphite ablation in CMA needs to be replaced with the actual equation from Ref.

4. CMA also needs to be modified to include the ability to calculate ablation when
the Putz and Bartlett method predicts a "fully blown" boundary layer (i.e., when
there is no convective heating). The following brief guideline is provided for future
reference.

1. Install the Putz and Bartlett blowing correlation for range 0 < ,6,, < 3. The
equations to be installed are presented in. Appendix E. For Eq. (E.7), the
molecular weight of gases at the wall (M.) can be computed using the EST
computer code, 6 and the molecular weight of gases at the edge of the bound-
ary layer (M,) can be approximated using the tables of gas composition be-
hind a normal shock wave.

2. For the range of e,. > 3 when the boundary layer is fully blown, D. W.

Conn suggests' that the code be modified to include algorithms for a surface
that is heated solely by shock layer radiation.

Surface Energy Balance Interation Procedure
During the Galileo-VEEGA reentry analysis, the surface energy balance equa-

tion in CMA did not converge in the material's diffusion-limited ablation regime.
"This is probably caused by the flatness of the ablation curve in this regime. We
suggest a slight modification to the iteration scheme in order to achieve convergence.

First, some brief background information on the iteration scheme is needed. Tlie
CMA code uses a Newton-Raphson iteration scheme to solve the surface energy
balaace equation. The following equations summarize this.

30,., - ý,'- el(de/ft3')

or

5 T. = T, -e/(de/dT)

where
= •,' ma• los parameter at the iih iteration,
= mass loss parameter at the (i+ I)th iteration.

T, -s urface temperature at the ith iteration,
T,- I w surface temperature at the (i + lOth iteration,

e = residual from iterating on surface energy balance equation.
de/d)3 "-derivative of e' with rcs.pect tito ý% and
de/dT derivative of e with respect to 7.

"K. F. Pitt; ind F. 1'. ,iJricki. '|tcat ; ranicr and Ab'Iazuon Ratc (otrctetmowi for R-cn.r)
Ileat ',hicid and Now.irp Application." AIAA 0tkh Aaromp• .om,.-•w-n meeng. S.n the4o
oJ.n 17-19. 1972).

"PctowuI cornzunca, mith the autho.
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Iteration terminates when the convergence crite:c.n is satisfied. If convergence
has not been satisfied within a given number of iterations, the criterion is doubled.
Ultimately, if convergence does not occur within 50 iterations, or if successive iter-
ations yield identical residuals, iteration terminates and the piogram continues ex-
ecution using the vatu..' computed.

The author suspects that the adjustment term in the Newton-Raphson scheme
is overshooting the converged value. Iteration migh" be improved by employing
a relaxation factor (f,) on the adjustment term:

- e/(deldf3')"f,

where

0 <f, < 1.0.

Further investigation of the iteration process during diffusion-limited ablation
calculations is needed.



5THE OHNS "OPONS UMVERSITY
APPLIED PHYSCS LABORATORY

LAMREL, MARYLANO

CONCLUSION

Modifications discussed herein have been made to the CMA code that allow the
Hunter algorithms to be used whtm the ablation mechanism is oxidation, and the
surface thermochemistry tables to be used when the mechanism is sublimation. ThisU is a dramatic improvement over the existing implementation of this subroutine be-
cause it eliminates the need for a restart problem whenever the ablation mecha-
nism changes. These modifications have been installed around the existing code
as options, meaning that the previous version of the code can be run by simply
not evoking any of the new features.
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Listing of Modified CMA Subroutines

DSNAJ4E = 'BBE .CCCi .SOURCE .CMA6.PDS(ATM)' VOL=SER=D8DO8OUDCB=(RECFM=FB,LRECL=80,BLKSIZE=6160? 01/19/88 019 1~4:f41:11

SUBROUTINE ATM{Z1,PIT1..WlAl,D1)
C U.S. STANDAflO ATMOSPHERE TO 700000 METERS. ATM
C INPUT IS ALTITUDE IN FT (GEOMETRIC). 01;TPU( IS, ATMIC P1 PRESSURE (LI.BFI**2) ATM

c TI TEMPERATPIRE :DEC. RANK INE) ATM
C WI MOLECULAR WEIGHT (LBILB-MOLE) AIM
C Al SPEED OF SOUND (FT/SEC) ATM
C D1 DENSITY C LB-SEC--2) /FT**LaICOMMON /ATP4OT/ Z(22),TMB(22),R(2i), PB(22),Ci,C2,C3,

I C?,CR,7MRO,GM,GAM.RST.GO,PO,WO,GOI
Zi c1Zi1 ATM
DO I 1 1, 22 ATM

1 IF (ZI..LT.Z(I)) GO TC 2I 1 23
2 1 =1-1

IF (I.EQ.O) I
Al = RO +7 (1) AIMIA2 = RO +Zl ATM
A3 =Z (1)--2 - Zl**2 ATM

C WRtTE(6 I5O0)IZl,Z(ILC1,AlA2,A3
C 500 FORM4AT( **ATM** I,ZI,Z(I),Ci,Al,A2,A3 ',13,6E12.5)

IF (I.GE.9) GO TO 50
CALTITUDE BELOW 90000 METERS ATM

DH =(GM/GO)-((l./Al) - (1./A?)) + C7*A3/(2.*GO) ATM
Ti = TMB(I) +(R(I)-DH/C2) ATM
Wi = WO ATM
A =GO*WO/RST ATM
00D 11 K =1,3 ATM
J -l+ 3*K ATM

11 IF(I.EQ.J) GO TO 12
P1 =PB(I) * ((TMB(I)/(TMB(I) +(R(I)-DH/C2)))**(A/R(I))) ATM
GO TO 200 ATMI12 P1 = PB(I) * EXP C-A*DH/(TMBCI)*C2))
GO TO 200 ATM

C ALTITUDE ABOVE 90000 METERS ATM
50 Z1 Zl/C2I IF(ZI.GE.110.O) GO TO 51

Hi = 17.98 + O.239*Zl - 0.00i3*(Zi-*2)
GO TO 53

51 IF (ZI.GT.170.0) GO TO 57
Wl - .41873644E+02 +.22496378E+0i*Zl - .25825938E-0l*(Zi*O2)
GO T5+.12705198E-03*(Zl**3) - .22989608E-06-(Zl**L&)

57 Wi +.28312068E+02 + .iil90901E-01iZl - .l806l034E-03*(Zl**2)
I +.3l8291129E-06*(Zi**3) - l16924&926E-09*(Zl**a4)

53 Zi = Zi*C2

TM =TMB(I) + (R(I)*(ZI - Z([fl/C2)

A4 =-Z(I) + ( TMB(I)*C2/R(I)) ATM
A5 WO*C2/(R(I)*RST) ATMIA6 = Z(I) + A4 ATM
A7 =Zi + A4 ATM
A8 =RO -A4 ATM
A9 =((Z(I) -Zl)/(Ai*A2',) +(l./A8)*ALOG(A7*A1/(A6*A2)) ATM
A10 (Z(I) -ZI) + A4*ALOG(A7/A6)
All = (-(GM/A8)*A9 - C7*AIO)*WO/CR(I)*RST) ATM
P1 = PB(I)*EXP (All)

* '9
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C VIRITE(, I$ 501)Wl, TM,,T1,P1,CO1
C 501 FORMAT ( **ATM** WlTM,T1,Pl,GOI = ',5El2.5)
C PRESSURETEMPERATURE AND MOLECULAR WEIGHT FOUND. ATM

LOu P1 PO~pl ATM
Zi =Zi/Cl ATM
Ti =Tl*C3 ATM
A2 = RST*105.86126/Wl ATM
Al = SQRT (GAM*A2*Tl*GO*C8)
DI Pl/(A2*Tl*GO1)

C WRITE( 6 f5O2)PlZlTlA2,AlDl
C 502 FORMATI **ATM** Pl,ZI,Tl,A2 ,Al,Dl D,6El25)

RETURN ATM
END ATM

20



THE JOHNS HOPK(INS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL MARYLAND

DSNAME ='BBE.CCC1 .SOUJR:I .CMA5,PDS(CBM5)' VOL=S[R=D8DO08
DCB=(RECFM=FB,LRECL'-80,I3IKSI/f-z6l6O) 01/28/88 028 13:10:38

SUBROUTINE CBm
C CHARRING MATERIAL. IIIIRMAL RESPONSE AND ABLATION PROGRAM ALLOWING CBM 2
C FOR UP TO FIVE DECOMPOSING BACK-UiP MAIERIALS CBm 3

C AEROTHERM CORPORATION RM KENDALL C MOYER CBM 14
C CHNE TOPOAM
C (1/1/8G)SITO POF G l.IETQCTRTLVEP
C (1/PAN7)SIZ TOF 120 iýELER~(-MIN TBRRAYS TVL,
C (1/19/81) SIZ O 20 :'&N LENM(IENILMCRAY S TCE PF

C (1/1/81) IZENOFtMCISN.THE.KI(IlISEN,TMSTHEFB,

(12/7 EXPANDID10iOACCOMMODAIf 20 EST TABLES '.,iTH 30

C 
ALLTRIES SIA ICRI PIIIA I B E D M N I N O B E

C

COMMON KOUT,IEX,DfNVR CBm 5
COMMON IHI(76),ItO(16)),1RC76),T12(60,20LTCP(60,20),TKP(60,20),THZCBM 6
1(60,2OLTEP(60,?O),ITII(120),THE(120),TQR(120),TCMC12O),TT1(60) INPOU '4
2,THG(60).DH12(4)LRECOILO(108),SO(4OLRHO(2OLTEPBF(60,20)
COMMON MATL( 101) ,T)FI (TOT),TA( 1(1) ,i( 01) ,RC( 101).RA( 101),
IAREA( 101) ,EMA( 101) ,RAV( 101) ,LGAPi 101) ,QGEN( 1OI),GAP( 101)
COMMON ROA(I100() ,FtII( 1000) ,ROC( 1000) cBm 12

COMMON TPR(20) ,NM6(2'0),

3NPR,NGS
COMMON tCTNPC,11,N~iM,NUMN,NLDFLHG,DELM.RIFT,RIIORA,RiIORB,RHORC,TRACBM 18
ICA, TRACH .TRACC,RIIOOA,RIIOOB ,RHOOC. EA,EB, EC, BA,BB ,BC,PS IA, PSI BPS I CCBM 19
2TRACM,PET,PL E .HSV.I IA.DTPR3,D1PR2,DTPRT.lPR3.TPR2,THZRO,THF IN,WT,CBM 20
3TMWT,G-AMA,.OMG,NO.F.JHlFJFS.JF.JfHfP.JFH.INPUT, DTHIN,BRP,HCONV,CBM 21.4EPSW. TRES, tNCH,0I11B.NN.NI NO[ CHICR I PYCR I, TBRP( 1?0),NR.
5 TX(30,6) ,F 1(30.bT .1 ' 'I ,6) ,N(;(N.NBPF,NF I$,1,BRE.X,SWfLL
COMMON BBB(10,6).IE(10.6),FFCIO).6).PSI(1O.6),RiOO(10,6), CB

XRHOR( 10,6),
1ROCOM( 50.3) DQHC( 10) DH)IV( 10) *RHOC( 10) ,RHOV( 10) ,P( 10) ,PP( 10)I XTREF (10),
2GA(10) ,OMGA( 10) *NT(Tll .i)NLA( 10). TT5(60,20) ,ILNT(60,20),
XTT(BU(60,20),
3TCBU( 30, 10) *X( 10 1) *NDI~tI,NBM2,TI(A(-( 10,6) ,NBUFT( 10) *KNST , IBUG,TBUG.
4i TALT( 120) *TV(t ( 11'o) I(HIGAP( 101) 1AGAP( 101) , ICOND, ICROS, ISR.I5 NGCI.NGCC.NGC3,NGC';Ii.,c0N1(101).rc-ON2(l01l,TCON3(101;,1CoNII(101).
6 COND1(101).COND?(Ihlll.COND3(lfll),COND0i(101),
7 THCONV(101) ,TFPSWI ii) ,TTRES( 101) ,TQ( 101) ,TEPSD( 101) *BF,TL,THD,
8 jTBL ,IDR).RH0C I( 0 1 ).J) TDT(201 ) AI RA2,RA3
COMMON/OTPT/CP[16).IMO(/U01).OIPU'0.10).CNC(101),CN(101),Y1(Li),

I CNO(101).TOC20),Ro{lTU1).NISO('20),BR.CH,GS.SA.1B,T1.ASU,CMD,CMT,
? I TS,QRPRAD.RAITIIt) I).RSU,CMD0M,(CMT,DC(TDf 0.DDIIDT,DPDT, I TfRKSCT.
3 PGPU, PRESQRPT.HADI ISNI T,DfCO4.Df 071 DSDTB.PGPUT QC~ifM,QCONU,
14 QCONV,QL-OSS,SDN[t. SUMOt . TIIPR7 ,TSAVL VEL fS,DEC0MT .I5 PRSATM.QCfIfMT QCONDIi .(:ONVT,Qt ()%ST KK. RR( 101 ) OIMOG( 101 ).
6 RON( 10 1) *ROT( 10 1) tUN(:)-(6) D0ROý (6) *D1 (#) .FA.FRI.fC.D1H.DTifCDS I
I DTA,GSMoCOIDO,GSMS..-SHI GSM42T OSUT PQL U.TH.Af TFS,OSDTI,

6 7 MP 41 LI LUjf .!!V _______________

LCOMMON/MRCF~/VR4,Vlil'.IMC..IPR.11.13U ~COMMORLIjQ!PTION/I:Hk I il5jIAI1CN.IOPTN.IMSG.MIIFRIBi OPT
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SCOMMON/BL OW!I N/BLOW, B1 Of AC
INTEGER FFLAG.f.UL-AG1 * .. ______ __. -

EQUIVALENCE (DH1l,DtiI1(lfl,(DH2,DH12(2)),(TS,TA(1))
DIMENSION VITER(101)JEITER(IO1LEMISF(200),RATG(200),Y2(48),D?(118)
1 ,Y3( 16) ,D3( 16) ,CPC( 101) ,CPV( 101) ,CP( 101) ,HP(101) ,HC(101) ,A( 101),
2 B(101) ,C( 101) ,D( 101)

529 FORMAT(17H ITERAlION STOP )CBM 50
542 FORMAT(/33X114H ---- OuIPUT----) CBM 51
582 FORMAT(6E15.7)

5601 FORMAT(1015) BUG
5602 FORMAT(7E17.7)
5603 FORMAT(6E17.7)
7043 FORMAT(16,4F10.6)

C CBM 106
C CBM 107

DNCP(3)=99999. CBM 108
NMGX=NMG( 1)
KSCTh3
SIG=.L.81E-12 CBM 110

C CHAR AND PYROLYSIS ZONE CRITERIAL DENSITIES CBM ill
ONCP(1)=RHO(2)+CHCRI*(RHO(l)-RHO(2)) CBM 112
DNCP(2)=RH0(2)+PYCRi*(RHiO(1)-RHC(2)) CBM 113

C CBM 114
C INITIAL VALUES FOR lIME LOOP CBM 115
c___ _____ CB 116

- INITIAL FACTOR FOR DIKI-TO-TABLES MERGE ROUTINE & BLOWING
FAGTOR=-1 .0
FFLAG=O
FFLAG1=0
BLOFAC=1_.0 ____________________

C ---
I TER=- 1
OTHC=DTHB GBM 118
IAB=0 CBM 119
RSU=ABS(RSV) CBM 127
CMFL=O.0 CBM 129
DSDTM = 0.0
SOEGR=0. CBM 157
GSEGR=0. CBM 158
EGO=0. CBM 161
HW=0. CBM 162
TH=THZRO CBM 165
THDS=THZRO-DTH IN CBM 167
THPRT=TH CBM 168
VRM =0.0
CMDL = 0.0
IRB =0
IRD, 0
12 = 0
14 = 0
TOLER = 1.0

Ii=1
DO 4101 1 = l.NUMN
RATG(I) =0.0

4&101 EMISF(I) 0.0
REWIND KSCT OSM 169
CALL LCOUNT (-2,LGI,NPU,)
WRITE (KOUT,542) CBM 171

C TIME INCREMENI
DTH=DTH IN CBM 173

22
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C NODE THIICKNISS 0H MINIMUM ALLOWABLE TIlCKNESS
DELCR=AMIN1(DEL( I) .011 M)/5.0 CBM 174I C NODAL TEMP. IOM PREVIOUS lIME STEP
TSAVE=TA( 1 )+1.0 CBm 175
FA=(1.-PSIA)*BA*(RHOOA**(1.-PSIA)) CBM 176
FB=(I.-PSIB)*BB*(RHOOBH**(I.-PSIB)) CBM 177
FC=(I.-PSIC)*BC*(RIIOOCII*(I.-PSIC)) CBM 178

SC ---- EXPONENT TO ADJ. CONVECTION DUE TO ABLATIVE RADIUS CHANGE
REX = BREX

C CBM 180
C BEGINNING OF TIME LOOP CBM 181
C CBm 182
C NL = LAST ABLATING NOI)E
C THFIN = TIME AT ENI) OF PROBLEM
C THPRT = OUTPUT TIME
C

410 IF(NL.GT.1) GO rO 7111?

THFIN = TH
THPRT = TH

7412 ITER = ITER + 1
IF(IBUG.NE.O) WRIlL(6,.5601) ITER,NL,NDBU,NBM2,NUMN,JFHP ,NCON, BUG

C NFIS- BUG
C CBM 184
C CALCULATION OF NODAL. PROPERTIES CBM 185
C CBm 186
C ISR = 1; NO SURFACE RECESSION OPTION
C ISR = 0; SURFAC.E RECESSION ALLOWED
C DSI = SURFACE RECESSION DURING TIMESTEP; INITIALIZED
C IN BLOCK COMMON
C

IF(ISR.NE.O) DSI•O.OI C NODAL LOCATIONS FROM SURFACE
DO 108 N=2,NL Cam 187

108 RA(N- 1)=RA(N-1)+DSI CBM 188
RA(NL)=RA(NL)+DSI/2. CBM 189

C ------ RR = CROSS-Sf(I IONAL AREA OF NODE
CALL OGLE(NL,RARR,NUMN,RAV,AR(A.EMA) CBM 190
ASU=RR( 1) CM 191
J=I-JFH-JF CBM 192

C
C PROCESS ABLATING NObL PROPERTIES

:' C
C CN(N),CNC(N) = THERMAL. CONDUCTIVITY OF PLASTIC AND CHAR
C CPV(N),CPC(N) = SPECIt IC HEAT OF PLASTIC AND CHAR
C HP(N),HC(N) = SENSIBIE ENTHALPY OF PLASTIC AND CHAR
C RO(N),ROT(N) = DINSI1Y AND TOTAI DENSITY
C X(N) = WEIGHTING FACIOR FOR PARTIALLY PYROLYZED MATERIAL
C RAT(N) = THERMAL RESISTANCE; DL/(K*A)
C GAMA = VOLUME FRACTION
C

DO 105 N=I,NL
J=J+JF CBM 194
RR(N)=RR(N)/ASU CBM 195
CALL LOOK (3,TA(N),II;',TCP,TKP,III/,O,Y2,Y2(4),3) CBM 196

C VIRGIN PLASTIC MA[ERIAL
CN(N)=Y2(2) CBM 191
CPV(N)=Y2( 1) CBM 198
HIP(N)hY2( 3 )+Dl1i CBM 199
CALL LOOK (4,TA(N),II2(1.2),TCP(1,2),TKP(1,2),TIIZ(1,2),OY2,D2,3) Cam 200

C- .....- CHAR MAIERIAL.

I
I
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CNC(N)=Y2(2) CBM 201
CPC(N)=Y2( 1) CBM 202

HC(N)=Y2(3)+DH2 CBM 203

C --- SELECT MATERIAL. TYPE
IF (MATL(N)-1) 1013,101,102 CBM 2014

C --- MAIN MATERIAL VIRGIN PLASTIC
101 X(N)=1. CBM 205

CP(N)=CPVCN) CBM 206

H(N)=HP(N) CBM 207

RO(N)=RHO( 1) CBN 208

ROT(N)=RHO( 1) CBM 209
GO TO 105 CBM 210

C --- MAIN MATERIAL CHAR

102 X(N)=O. CBN 211
CN(N)=Y2(2) CON 212

I4(N)=HC(N) CBN 213

CP(N)=CPC(N) CON 2114
RO(N)=RHOCI (N)
ROT(N)=RHOCI (N)
CO TO 105 CBN 217

C --- MAIN MATERIAL PYROLYSIS ZONE

103 X(N) = RHO(1)*(1.0-RIIOCI(N)/RO(N))/(RHO(l)-RH0CI(N))CM21
H(N)=X(N)*HP(N)4i1.-X(N))*HCCN) B 21

CP(N)=X(N)*CPV(N)+(1. -X(N) )CPC(N) CON 220
K =J
IF(N.EQ.1) K1l

C --- RESIN FILLER DtNSITY FRGM MATERIAL A, B, C
VR0T(N) =( ROA ( K) R013(K ) ) GAN4A+OMG*( RaG(K))

105 CONTINUE
IF (ITER.L.E.O)

1RAT(NL)=OEL(NL)/(RR(N' )-(CN(NL)VX(NL)+CNC(NL)-( 1.0-X(NL))))
IF(NDBU.LE.0) GO TO /413

C
C DECOMPOSING BACKUP MATERIAL PROPERTIES
C

D0 740 L=1,NDBU
LL=NF 1(L) CON 231
LU=NLA(L) CON 232

N=2*L-1 CBM 233
DO 7141 1 =LL j U C8M 2314

CALL LOOK(2O4+*L- IA( I ITT5( I N) . C8U( IN) TKBU( IN) TENT( 1,N) CON 235
C I 0,Y2.D2,3) COM 236

CN( I)=Y2(2) COM 237

CPV( I) =Y2( 1) COM 238
14P( I)=Y2( 3)4DHV( I )CBN 239

CALL LOOK(21+*1 I IA(1). TT5(1,i-L). ICOU(1,2-t), TKOU(I.2-L), CBN 240
C TINT(1,ý*L), uY2.02.3) CBM 241

CNC I )=Y2(2) COM 242
CPC(lI)--Y2( 1) CBM 243

HOC ).Y2(3)*IICI )CON 244
I )=( I)*H( I 4( .oX( )IG( ) -CON 245

RR( I )AREA( I)/ASU CON 246
If(ITER.Nf.0) GO 10 141

RON( I )zfO( ) Cam 2419

RAT(I)= 0EL.(I)/(RH(I)-(CN(I)-X(I) + CNC(I)-(1.U -X(I)))) cam 250
7I1 1 CP(I)=X( I)CPV( 1)4(1 .0-X((I))C(PC( I) CON 251

740 CONTINUE CON 252
7413 IF (NUMN.LT.NBM?) Go 10) 112

RAGAP(NL) -4AGAP(NI 3/ASU.

24
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5 C NON-DECOMPOSING BACKUP' MATERIAL PROPERTIES

PO 107 N=NBM2,NUMN
HtR(N)=AREA(N) ' AS1J CBM 255
RRGAP(N) = AGAP(N)/ASU
KT=MATL(N) CBM 256
CALL LOOK(KT+2,TA(N),T12(1,KT),ICPCI,KT),TKP(1,KTLO,O.Y2,02,2) CBM 257
CP(N)=Yv2( 1) CBM 258
CN(N)ýY2(2) CBM 259

c-----------THiERMAL RtSLSIANCE
RAT(N)=DEL(N)/(GN(N)*HR(N)) CBM 260

107 RO(N)=RHO(KT) CBII 261

C
C GAP RESISTANCES1 D0 106 N =NL,NUMN

RATG(N) =0.0
EMISF(N) = 0.0
KX = NOM2
IF(N.EQ.NL) GO 10 /14/U KX = N+l
IF(N.I.T.NBM2) GO 10 10)6

7147 II(LGAP(N)AQ1.0) GO 11) 106
YOUM = (TA(N)+TA(KXfl/?.O
IF (LGAP(N).EQ.1) IIA -PIFI(TDUM.TCON1,NGCI,CONDI)

I IF (LGAP(N),EQ.?) HIA PIFl(TDLJM,TCON2,NGC2,COND2)
IF (LGAP(N).EQ.3) IIA -PIF1(TUUM,TCON3,NGC3,COND3)

IF (LGAP(N).EQ.1i) IIA PIFI(TOUMICON4.NGCA4,CONDi4)

C HELIUM CONDUCtIVITItS P-IAIMI IF (LGAP(N).EQ.6) IIA 1.OE-6-LXP(5.955-8153.0/(2t454.0+rDU#4))
IF (LGAP(N).EQ.1) IIA -0.0

IFr (I.GAP(N).NE.5) GO 10 746
C VOS - P = 1 AIM

IF(TDUM.GL.3000.O) IIA z 1.OE-6*

I B-=lT EXP(IO.116-103176.0/(10941.0+TDUM))

IF(TDUM.I.E .3000.0)
IHA=3. 167E-7*
2 SQRr(IL)UM)/(1.0+4J41.(-(10.0'(-21.6/TDUM))/1DUM)I 746 k(T = MATE (N)
CALL LOOI((KT.2,IOUM .1 12( 1,KT) ,1LPBF( 1,KT) ,0,O.O.Y2,02.1)

EMI Y2(11
KT - MATI.{N+I)
CALL LOOI((KT*2,IDUN IM (1K) TEP(1.KTLO.OOY?,O2.1)I (P4?= Y2(1)
FE -1.0/'I .0/lM1 + 1.0/EM? - 1.0)
RATG(N) t IA*RR(;AI'N)/G.AP(N)
( MI SF ( N) I, 0./ S IG/ I I /HOGt(AP (N jI ~ ~~IF(II3UG.NL.0) W(t(.>~2 M1.1M2.IIA.IL.HR(N)LGAP(N).IOUN,
I RRGAP(N) *AGAP(N)

106 CONTINUE
C
C BAC4( VALL HlEAT II(ANSII(R USING lIMC TABLES -LIP.SEPT,1915.

C TM CURRINT 7IMf
C IQ TA131, TIMI VAI III%
C THlCOlV 1,W, ;ONYIc C ON COUPf IC IENT
C TUPSW It.W. IMMISIVItY TO SPACC

C IIIPSO S~.W. tmm]SIVIIY 10 RISIRVOIR
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C TTRES =RESERVOIR TIMPERATURE
C HRES = TOTAL HEAT IRANSFER COUFFICIENT AT BACKWALL
C DEL = NODE THICKNESS
C QLOSS B.W. HEAT lHUX
C QLOSST =TIME INiFGHATED B.W. HEAT FLUX
C CMT = AMOUNT OF CHIAR ABLATION
C CMMT = TIME INIEGRAIED CHAR ABLATION
C DTH = TIME INCREMENT
C OTs= CHANGE IN SURFACE TEMPERATURE
C

112 FPSW = PIFl(TH.TQ,II3F,TEPSW
EPSO PI F 1(TH, I Q, I BF,TEPSD)
TRES = PIFl(TH,TQIBF ,TTRES
HCONV= P I F1(TH, TQ, I[itI HCONV)
HRES=SIG*EPSW*(TA(NLIMN)+TRES)*(TA(N4UMN)**2+TRES**2)+HCONV
I +SIG*EPSD*TACNUMN)*O1i/( TA(NUMN)-TRES)
RAT(NUMN+1)=2./(HHECS*RR(NUMN)4.0OOOOOO1)
QLOSS =0.0
IF (HRES. NE .0.0)

IQLOSS=(TA(NL)-TA(NI3M))/(0.5C(RAT(NL)4RAT(NBM))+RCCNL)/RR(NL))
QLOSST=QLOSSTQLOSS*DTHi/AREA( 1)*ASU CBM 265
CMT=CMT+RHO(2)*DSD1B*ASU/AREA( 1)*DTH
CM?4T = CMMT +RtiO(2)*DSDTM*ASU/AREA(1)'DTH
DEL(NUMN + 1) =CN(NUMN)/(HRES + 0.00000001) CBM 267
RR(NUMN4I )=RR(NUMN) CBM 268
DTHS=DTH CBM 269
DTS=TSAVE-TA( 1) CBN 270
IF(IBUG.NE.O) WRITE(6,5602) (RAT(I),RG(I) ,RATG(l), BUG

1 EMISF (I),CP(I) .CN( I .TA( )I) =1,NUMN) BUG
IF(ITER.EQ.O) GO 10 606

C CeM 272
C OUTPUT CBM 273
C Cam 274
C JJJ =1; MEANS LAST ITERATION COMPLETED
C
C

IF(TH-THPRT.LT.-O.QUOUJ) GO TO 441f0
3000 JJJ=O

CALL OUTPT(JJJ)
IF (JJJ.EQ.1) GO TOI

C---------------- COMPUTE TIME STEP ([TIli) & CURRENT TIME (TH)
4410 DTH=AMINI(DTHB.OELCH/(DSDTB4.OýOUOOO1).TH-IHDS. 50.O/(ABS(TSAVE-TA(CBM 434

11))+. 1)-DTH) COM 435
TSAVE=TA( 1) Cam 436
OTH=(THPRT-TH)/(AINTt((YHPRT-TH)/DTH*1.0O01))
T VI T H 'D I H
IF(TH.GT.TBUG) IBUG 1

C--------------- FUNCTIONS Of TIME
606 Iý:JIAM CON 441

yr =VFZ COM 442
601 If (TTH( 141) .GL TH-(I.L10001) GO T0 604

IF(I+1GE. lI( ))GO t0 604

I F ( TTH( 141) .N .II IJIfI )) GO TO 601
T14=TH-OTII
THDS=TTH( I)-DTIIfIN CON 44i8
OTfl=AMAX (DYHiN.I III I~ )-Ili) Cam 449
TH-_TH+OTH CON 4501
GO TO 601 cam 451

C

26
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C T IME DEPENDENT VAI Of S I ROM TABtI*C
C DEN = INTERPOLATION RAII0
C CH =HEAT TRANS.-ER G011FICIENT (RUCH;
C Q1RA = RAD IA IION Ft I X 10 SURFACE (OP T ION 1 &3) OR
C RECESSION (ONIION 2)
C PRIES = NATURAL LOGARIIIIM OF PRESSURE

C HC = RECOVERY ENTHIALPY
c BRP = BLOWING RkDtUCIION PARAMETLA, LAMBDA

C VELFS = VELOCITY
C AFTFS = ALT ITUDE

604 DEN=(TH-TTH( I) )/'( II( +1)-TTH( I)) CBM 452
IF (TTH(I+1).LE.TrHf(l)) DEN=O.0
CH=TCM( I) +DEN*( TCM( 1+1) -TCM(I))

QRA=TQR(I)+DEN*(TQRI(1+1)-TQR(I)) CON 456IPRES=TPI(I)+DEN*(TPI( I+1)-TPI(I)) CBM 457
HE=THE( I)+DEN*(1ii.( I+1)-THE( I)) CON 458
BRP=TBRP( I)+DEN*(1 iRRI( 1+1)-TBRP( I)) CBM 459
VELFS = TVEL(I) + 0fMN-(TVEL(I+1)-rVEL(I))
AFTFS = TALT(I) + 0fN*(1ALT(I+1)-fALT(I))U ~ --------------- SELECT PROBIEM OPTION (1,2 OR 3)
IF(IBUG.NE.O) WRITF(6,5602) TH,CH,QRA,PRES,HE,BRP,ASU,VELFS,AFTFS
11=1 CON 460
IF(CH.GT.O.O) G0 10 011o
11I=2
CH=0.O CBM 463
IF(HE.GT.2.O) GO I0 6b10
11=3
VF=HE CON 466
HE=O. CBM 467.1600 IR(I)=I CON 468

0[DT=O.
rfER=l CON 471

Go To 3000 CBM. 472

C DECOMPOSITION (PYHOIYSIS OR CHA~RU(NG)
C

610 IF(DTH.ý-T.O.000O01) (',() 10 608.3WRITE (Kf-'uT,582) 110.0) ItIDTHS,D11111.,THOS,DTS.DELCR,OSOTB
IH=THF IN CON 475
Go TO 3000 CON 476

CCON 417
608 CALL DECOMP

C CON 711
cc CALCULATION OF !MI'l. ICII IEMPERATUHRE COEFFICIENTS FOR IN-DEPTH CBN 71?
C ENERGY EQUATION MAIM IX AND INTER(NAL ENERGY RATE TERMS CON 713
C CON 7143C IMIN =INTEGER 11400
C NI.M =NL- I
C NI = LAST AOL ATO0 NGDI
C GSM ACCUMULATI!) L'ikoUYSIS GAS It OW RATE ENTERING A NODE
C DM00 = ACCUMULAIlt) )",401YSIS GAS G;ENERATION IN A NODL PERA UNITIC AREA AND I IHIS NO. Of NOfiLETS PER ýýDE FINALLY' ADJUSTED
C TO AMOUNT Of l'YKM YSIS (AS GINLHATION IN A NOOE[.
C DROOTD % TOTAL. RAtI Of CHANGE Ot DENSITY AT CONSTANT Y FOR
C CURRENT NODI

C SDI SUkfACL HECISSION

2)7
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C RR = NORMALIZED CROSS-SECTIONAL. AREA OF NODE
C DEL = NODE THICKN['S5
C DVB = CONDUCTIVITY PARAMETER
C Xl = WEIGHTING VARIABLE
C PETE =DENSITY TERM
C PET = DENSITY FACTOR
C RAT = CONDUCTION RfSISrFNCE, DI/KA
C OP1 = SPECIFIC HIAl Al TOP NODE
C CP = SPECIFIC HFAT AT A NODE
C CPGAS = SPECIFIC HIMI OF PYROLYSIS GAS
C Hi = ENTHALPY Al TOP NODILET IN A NODE
C HBAR = TEMP. DEPENI)ENI REACTION ENTHALPY
C HGAS = ENTH-ALPY Of PYROLYSIS GAS
C GSEGR = ENERGY 'TERM. SUM OF HGAS*DMDG OVER NODES
C SOEGR = TERM HCAS*DMT)G, SUMMED OVER ALL NODES
C EGO = ENERG'v LEAVING SURFACE WI ElI PYROLYSIS GAS
C FiW = ENTHALPY OF EI)GF GASES AT WALL TEMPERATURE (OPTION 1)
C OR ENTHALPY Of PYROLYSIS GASES AT WALL TEMP (OPTION 3)
C ROT = DENSITY OF TOP NODELET IN A GIVEN NODE
c RC = CIBTACT RESISTUNCE BETWEEN NODE AND NEXT NODE DOWN
C RON = NEW DENSITY OF A NODE
C RO = OLD DENSITY OF A '4ODE
C

DVB=O. Cam 715
!OEGR=O. CBM 716
ku:7GR=O. Cam 717
TB-i?. CBM 718
RAT( z-2.?-RAT ( I CBM 719
CPNI.=C'-'Ni 08KB 720
NLM=NL- 1 CBM 721
IMIN'0O Cam 722
DSXX = DSDT
IF(ISR.NE.O) DSDT U

C--------------- ABLATING NODc COEFFICIENTS EXCEPT LAST NODE
DO 30 I=IMIN NLM Cam 7e3
IF(I.LE.O) GO TO 15
G;SM=GSM-DMDG( I
CRODTD=-DMOG( I)/(RR( I )-EL( I)) CBM 726
FACT1=DTH/(DEL( I )"fR( I)) CBM 727
FACT2=GSM/(DEL( I)*RR( I ) CBNl 728
A( I)=-FACT1*DVB CRM 729
DVB=1.0/(0.5-(RAT(I)+14AT1(+1fl+RC(I)/RR(I)) CRM 730
TERM2=RON(I)*CP(I)-ODIH*(CPGAS*(DRODTD-FACI2) CBM 731
1 -DSDT*ROI*CPI/DEL(I)) CBM 732
TERM 1=FACT 1 DVB CBM 733
8(1 )=TERM2-A( I)+TlRM1 CBM 7314
C( I)=-TERM1 CBM 735
0(1 )=TA( I pTERM?+( IICAS-DRODTD-IIIHAR*(RON{ I) Cam 736

1 R~)/llfC21GSOD*O~i/E~)-T CBM 737
15 R01=ROT( 141} CBM 738

PETE=0.0
Zl1=RHO(1) -RHOC 1(1. 1)
If (ZZZ.NE.0,0) PtItl HIO(1)/ZZI
PUT = PETE*RHOCI(1+1)
X1=PETE-PET/ROI OLIN 739
CP l=CPV( I4U)*X1 (CP1(T( *1+*(1.O-Xl ) CBM 7140
IllI =Hp ( I +1I) *X I +HC ( I + I ) (11 . O -X 1 ) CaIm 7411
CP( I+1)=CPV(141)OX( I+)+CPC( I+1)*(l.0-X( 1.1)4 CBM 714?
TN=-ROl*HBAR.RO10lIt141 CBm 7113

H8A =P TE* P(I +I -II IkIO( )01C( + Ca 281
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T=-ROI*H1+AO1*tH8AR CBm 745
CALL LOOK (2,TA(I+1),[I,THG,O,O,0,IiGAS,CPGAS,1)
HCAS=HGAS4DELHG CBM 74j7
GSEGR=GSEGR+HGAS*OMD;( 1+1) Cam 7148
SOEGR=SOEGR+iHBAR*1)MDG( 1+1) CBM 7149
IF(I.GT.O) GO TO 25
EGO=GSMS*HGAS
HW=HGAS Cam 152
GO TO 30 CBM 753

25 TERM3=C-FACT2*CPGAS-I)SI)T*RO1*CP1/DELC I))*DI.H Cam 754~
0(1 )=C( I )TERM3 CBM 755
D( I )=D (I ) +TA( I + )I I IM3+ (FAC I2*IIGAS+C)OSI*RO 1 *t11/DEL(1)*0 T H CBM 756
TB=TB-TN*DSDT*RR( I) CBM 757

30 CONTINUE 0DM 758
A( 1)=DTH/DEI. (1) Cam 759
TI=TT+TB*DTH ! ARjA( 1)*ASUJ Cam 760IC NOW THE1 IAST ABLATING NODE RE)UiRES DIFFERENT TREATMENTCBM 761
OROOTD=-DMOG(NL)/(RR(NI )*DEL(NL.)) Cam 762
FACT1=DTH/(OEL(NL)NHR(NL)) 0DM 763
A( NL )=-FACT 1*DVB
IF(LCAP(NL) .NE .0)

1DVB = RATG(NL ) + LI.O*IA(NBM)**3/EMISF(NL)
lF(LGAP`(NL).EQ.Q) DVB - 2.O/(RAT(NL)+RAT(NBM))
C(NL )=-FACT1*OVB Cam 766
TERM2=RON(NL)*CP(NL )-(CPGAS*DRODTD+(DSDI/DEL(NL)fl 0am 76?

1 (RO (NL)*CPNL -ROI*CPI))ODTH 0am 768
B(NL) =TERM2 - A(NL)
I F(LCAP (NL) .EQ.U0) H (NI 3 B(NL) - C(Nt,)
IF(LGAP(NL).NE.O) iH(NL) O NL) + FACTI*(RATC(NI)

1 + 14.fl*TA(NL)*03/EMISF(NL))
D)(NL)=TA(NL) *7ERM?.+[) III- (HGAS*DR0I)TO-HBAR* (RON (NL) - CBM iklo

I RO(NL))/01I+IL)S0I*(RO (NL)-H(NL)-ROI*Hl)/DEL(NL)) Cam 771
2 + QGEN(NL)ODIH UN

K =NL CBM 772
GSM=GSM-OMOG(NL) cam 713
IF(NDBU.EQ.O) GO T0111/1
FACT2=GSM/(OEL(Nl )*RR(NL ))
TERM2=FAC1 2*CPGAS*Dl) I C't4 776
8 (NL)=8(NL )+TERM2 CON 7711
O(NL)=D(NL.)+TA(NI )"11 kM2-FACT2-II;AS-DIH OHM 718
CALL IOOK(2,TA(NBML.IILTHG,OU,OiI.GAS,CPGAS.1) 0am 719
HGAS=HGAS+DFL~f Ca0m 780
C(NL )ýC(NL )-FAC12uP'GPAS*OTH 0DM 781
D(NL)=D(NL)-TA(NDM)"fAACI2CGPGASOI)1H+FACT2'HGCAS-OTH cam I8V

7171 CONTINUE COM 783
C--------------- NOW 1 014 I)1cOMPOSING B1ACK.-UPS It ANY CON 7814

lF(ND8U.LE.0) GO010 1.")0
00 720 1.=1,NDBUILL =NF (L)-i 0OM 781
LUzNI A(L) Cam 188
DO 724*1 I=LL 1I U Cam 789
IF (I-4F I (L . EQ.- 1) (A) 10 126

GSM=GSM-DDG1 I)

KnK~l cu 19?

FACT 1zDTH/(DrI' ( IH())cam 7915I ~FACT2zGSN/(OII I 'HI(I CON 196

* 29
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A(K)=-FACT 1*OVII cam *(9;
0VB=1,0/(0.5*(1(AI(l)'9.AT(I+lfl+RC(I)/RR(l)) CBM 798
TERM2=RON(I)NC1l( )I)[IJH*(CPUAS*(0ROOT0-FACT?)) (;8M 799
TERMI=FAC1 1*PVII cam 800
B(K)=TERM2-A(K )+ItfMI Cam 801l
C(K)=-TERMI Cam 802
0(K)=TA(I)*TEHiM2*(HGAS*DRO0DfDHBAR*(RON(IV-RO(I))/DrH Cam 803

C -FACT2*IHGAS)*0IiI CAM 804
IF(I-NLA(NOBU)) 726,01I,727 Cam 805

726 CP(I+i)=CPV(1+1)*X(i+1)+CPC(I+i)*(1.O-X(I+l)I Cam 806
HBARS=H8AR Cam 807

HBAR=P(L)*HP(Itfl-PP(L)/RHOV(1)*HCCI+1) Cam 808
CALL LOOK (2,TA(I+1J. TTI,THG,O,0,O,HGAS,CPGAS.1) Cam 809

HGAS=HGAS+DEL HG COM 810
IF( (-NFl (L)+I) 12141,7241,727

727 TERM3= (-FACT?*GPGAS)*DTH CBM 812
C(K)=C(K)+TERM3 Cam 813
0(K)=O(K)+TA(I+1P*TERM3*FACT2KHGAS*DTH COM 814

7241 CONTINUE CBM 822
720 CONTINUE Cam 823

C--------------- NOW FOR BACK UPS IF ANY CON 824
7250 IF(NLJMN.LT.N8M2) Go 1t) 60

DO 50 I=N8M2,NUMN
K=K+l Cam 827
rACT1=DTH/(DEL( I)*H( I)) CBM 828
0(K) =TAUI)*RO(l)*CP(I) + QGEN(i)*DTH
IF(IGAP( I) .EQ.O) 00 JO 41
L1 1-1
IF ( I. EQ. NB?2) L I ýNL
IF(LCAP(L1 ).(Q.0) GO TO 42
.A(K) = -FACT1*(4.oorA(I 1 )10*3/EMlSF(LI ) + 'AATG(L1

C(K) =-FACT1*(1.0OtA(I+1)*3/IMISF(I) + RATG(I)
B(K1 RO(I)'CP(I) * rACrl'(RAIG(I) +RATG(L1 )+

I 4OwTA( )-%3-( .O/EMISF( I) +1.0/fMISF(L1
D(K)=O(K1+3.OOFACIl((IA(IV*4-TA(LI )004)/EMISF(Li

I +(TA( I)-t-4 I(I1'a/MS(I
GO 1-0 43

41 Li = -1
I f(I.I, Q. N812) L I -Nt
If (L GAP(tII). EQ. 0) (GO 10 44
A(K) -F AC t I-(RA I I(I I * 4. 0-IA (L I) 03/M I SF (L I)
C(k) -- FACT I? U/(kAI( ) + RAT(1+1))
9(K) =RO(I)OCF(I) - C(I&) * FACTIO(FAATG(LI
I1 4. 001A( I ) 0 / m I Sf (L I ) I
D(K) - D(K) * 3.U'PACt1*(TA(1)14 - IA(LI )**4)/[HISF(L1
GO T0 43

44 A(K) =-FACT 140VO
OVE)a 2.O/(RATHl) * RAI(1*1))
C(K )4-FACT 10VS cam 831
a(K)=RO(I)'CP(1)-C(K)-A(K) CON 832
GO TO 50

42 A(K) a-fACT 1*(Vt1

DJ eRO(I)*CP(I) - Allk) * 1AC*ttw(RAýf;(I)44.0OTAfl)*1IfI.M1Sr(1)
D(K) O0(K) * 3juSIA(.IlwtTA(I)* A(.)*4/MIfI

III3V 2.0/(kAh I )*4Al( .1j)
50 CONTINUE

C
C------- --------NOW1 l ilt I AST NOPI WAS INSULATED Jf 04UST cam 8alt

C HIPAIN IA',i 11 AND(
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C
60 I f ( I BUG. NEI. r) WRI I H (1),603) (A( 1 ',13 1, MC I) D( I) RR( I) DEL( I) BUGU I I=1,NUMN) BUG

I (IBUG.?.'E.O) WRIIL(6,5603) (QGLN(I), 1=1,NUMN)
IF(HRES.NE.O0O) GO 10 80
B(K )=8(K)*C(K)
C(K )=O. CBM 837

C--------------NOW BEFORf. GAUSS REDUCTION REWRITE LAST LINE OF MATRIX CBM 838
80 D(K)=O(K)-C(K)-TRLS CBM 839

L =K CBM 840
D0 90 I=2?,I CBM 841
L=L- 1 CBM 842
D(L)=D(L)-C(L)/B(I.+1 )*D(L+1) CBM 843

90 B(L)=B(L)-C(L)/B(L+1 )*A(L+1) CBM 844
B( )=( 1)/A 1)CBM 845
DCI)=D 1 /A(1)CBM 846

IF( IBUG.NE.O) WRI IE(6,5603) (A(I) ,B( I) ,C(I) ,D( I) ,RR(I) ,DEL( I), BUG
I1 =1,NUMN) BUG
PCU=EGO-GSEGR CBM 847
PGPUT=PGPUT+PGPU*OTth/AREA( 1)*ASU CBM 848IDECOM=GSEGR-SOEGR GBM 849OECOMT=DECOMT+DECOM M D rl/AREA(1) *ASU CBM 850
IF (ISR.NE.O) 0501 DSXX

4..CBM 851
C SURFACE BOUNDARY CONDITIONJ PACKAGE CBM 85'IC CBM 853CHZ=CH Cam 854

XP1=X( 1) CBm 855
I TL-=10 CBM 856
!TS= 1 CBM 857ISNET=,'l.+SWELI.)*SA-SWI.IL*CPE(1) CBM 858
IF(II-2) 2502,1L1?O,2501 CBM 859

1420 DSDTB=QRA/12000.O CBM 860
TA,( 1)=HE CBM 861
HE=O, CBM 862
HW=U.0 CBM 8631
HW=O.O CBM 863
CMD-DSOTB . ( (ROAC 1)+IOUt( 1) )*GAMA+ROC(1)*OMG) CBM 865

QCHEM=O. CBM 868

251QCONV=O. CBM 869

25 CHEHG=000.0 CBM 871
QONVFBO. Cam 875
CC' 10 250 CBM 873

QCHEM:CH CBM 879

GO1 TO? 2503t COM 885
C-------------- RADIUS (IiA'li CRRECTWN 10 HEATING CAT E FIEN

CHI ll 1,PtTOO ;oN to /AS k4?1*tXCfzc a 71I? f(M-MI-5
I -----F S Ul O I
*FN'.Q1 93'II# S(~~lo-5

Ifl2*k*9 a 8
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IF(PHI.GT.O.01) GO010 11123
CH=CH*(1.-.5*PHI)
GO TO 1426 Cam 888

1423 IF (PHI.LT.150,O) CfIýCI1/(EXP(PHI)-l.O)*PHI
IF (PHI.GE.150.O) CHý0.O5*CH
GO TO 1426

C---------------PUTZ AND EIARTLETTE CORRELATION
1421 IF (BF.LT.O.00001) 13F-0.00001

IF (BF.GT.187.O) PHLI.I49.O
IF (BF.LT. 187.0) PH l-i.35*BF*EXP(O.1LI*(BF**1 .333))
IF (PHIGTO.Oi) GO TO 1422
CH =CH*(1.0-0.5*P~lI)
GO TO 1426

1422 IF (PHI.LT.150.O) GCH=CH/(EXP(PfII)-1.O)*PHI
IF (PHI.GE.150.O) CII1=0.05*CH

1426 IF (IBUG.NE.O) WRITF(6,70L43) ITER,TH,CH,BF,PHI
IF(NFIS.EQ.2) GO T0 14261
TEMP9 =AMAXI(TMG(l,l),TMG(NMGX,1))
IF(TEMP9.NE.O.O) CH =AMAX1(CH,GS/TEMP9)

14261 CONTINUE Cam 892
IF(IBUG.NE.0) WRITE(6,5602) RSV,PHI,AREA(l),TMG(l,l) BUG
ERFX=CH*HE+D( 1) Cam 893
IBOT=+l
IMG 1
IF(NGS.LE.1) GO 10O2511

C---------------INTERPOLATION FRACTION, VMR, USING GAS FLOW
CALL LOOK (12,GS/(CH*CMH+1.OE-15) ,TMGO,O,O,O,,Y2,D2,O)
IMG=IR( 12) Cam 895
VRM=VR CBm 896

C---------------INTERPOLATION FRACTION, VRP, USING LN PRESSURE
2511 CALL LOOK(13,PRESTF'R,0,O,ODO,Y2,D2,O) CBm 899

IPR=IRI,13) Cam 900
C
C -------(CCC COMMENT ON 12/87)
C IHI1(14),ILO(14) = HIGH AND LOW ENTRIES IN ABLATION PART OF EST
C AT PRESSURE TABLE NUMBER IPR
C NHil(IMG,IPR),NLO(IMG,IPR)
C
C IHI(16),ILO(16) = HIGH AND LOW ENTRIES IN ABLATION PART OF EST
C AT PRESSURE TABLE NUMBER IPR+1
C NHiI(IMG,IPR+1),NLO(IMG,IPR+1,ý
C

ILO(16)=NLO(IMG,IPR4-1) Cam 901
IHI(16)=NHI( IMG,IPR+1) Cam 902
ILO(114)=NLO( 1MG, IPR)
IHI (14)=NHI (1MG, IPR) Cam 909
VRP=VR Cam 905

C
13=ILO( 16) Cam 906
,= iLO(1 4 Cam 912

IF(NGS.LE.1) GO 10O2512
ILOC 17)=NLO( IMG+1 * P+Il) Cam 903
I H (17 '=NH 1(1 MGt1 * I R+ 1) Cam 904
ILO(15)=NLO( IMG+l,IPH) Cam 910
IH',15) =NHI(IMG+ * PH) cam 911
14=ILO( 17) Cam 907
12=ILO( 15) Cam 913
IF(IHI(17).LE.1I.) GO T 120 4

IF (IHI 15) LE . (1 C 10 4-20
2512 IF(II(4 LE.I)GO 10 420

32
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IF(IHI(16).LE.13) GO 10 420

C----COMPU-TE NON-ABIATOR "TEMPERATURE
IF(JTBL.LT.O.OR.IOPIN.EQ.O) GO 10 2515
IF(TABCN.LE.O.O) GO '10 2513
TABC =TABCN
GO TO 2503

C -------SEARCH FOR TABCI25131 IF(MITER.NE.l.AN0).MOfl(ITERMITCR).NE.1) GO TO 2503

254FORMAT(' **** FDIABC SEARCH [ TER., NON-ABLAT. TEMP.=
1,15,F12.5)
GOYO_2503 ______________________

C
2515 TABO = TTS(11,IMG,IPR)+VRP*(TTS(13,IMG,IPR+1)-TTS(11IlMG,IPR))I IF(NGS.LE.1) GO TO 2503

TABC = TABC+VRM*(TTS(12,IMG+1,IPR)-TTS(I1,IMG,IPR))
I +VRP-(VR*(TTS(IL.,IMC+1,IPR+1)rTTS(I3,IMG,IPR+1))
2 -VRM-(TTS(I2,IMG+1,IPR)-T-.3(I1,IMG,IPR)))

2503 IF( IBUG.NE.O) WRITE(6,5601) I 1,I2,I3,I4, ING,IPR,NGS,NR,ITER

IF(TSAVE.LE.TABC) GO TO ~420
C
C-------------- ABLATING SURFACE CBM 924~I ~IF(IABGT.O) GO TO 4~23

CMDL.=TLMC( 11,1MG, lPR)-VRP*(TLMC( 1,1MG, IPR)-TLMC( 13,1MG, IPR+1))
CMD=EXP (CHOL ) CH CBM 927
IAB=l CBM 928

4123 JD=O ----_ __________________

C ----- BYPASS DIKI-TO-TAB[.r TASITION OF IOPTN = 0
IF(IOPTN.LE.O) GO TO 509
IF(FACTOR.EQ.-l.0.ANO).TSAVE.GT.TABC) GO TO 505
IF(MOD(ITER,MITER).Nl.l) GO TO 508

C C-------SET TRANSITION TEMP. IF IOPTN '1' USED
505 IF(FFLAG1.EQ.ITER) GO TO 508

IF(IOPTN.EQ.1) XTEMP-ICRiT
C -------MERCE2 CALLS X1EMP IRON TABLES BASED ON GIVEN BPRIME.

IF(IOPTN.EQ.2) CAtL MI.RGE2(XTEMP)
C C-------MERGE3 SEARCH FOR lIMP. WITH SMALLEST DIFFERENCE IN SLOPES

IF(IOPTN.GE.3) CAL-L MERGE3(XTEMP)
FFLA01= ITER

L508 IF(TSAVE.GT.XTEMP) O -TO 510
C

509 IF (JTBL.GE.O) GO 10 4F260 _ _ _ _ _ _ _ _ _

C-------------- INTERPOLATE LOG8 PIMES
F510_QFACTOR=- 1. 0

CAL LOR(14cND,CM Mc(l,IMG,IPR),TTS(1,IMG,IPR),TCHEM(1,gMG,IPR),CBM 929
1TBPF( 1,1MG,IPR) ,0,Y2(1) ,Y2(4) .3) CBM 930IIRA=IR( 14) CBM 931CALL LOOK( 16,CMDL-,T Mc( 1, IMGCIPR+l) TTS( 1,IMG,IPR+1),TCHEM(1,IMG, ICBM
1PR+1),TBPF(1,IMGIPRi+F),0,Y2C13),Y2(16),3) CON 937
IRC=IR( 16) CBM 938
ITOP =6I IF(NGS.LE.1) GO 10 11233
ITOP =12
CAL.L LOOK( 15,CMDL.,I MG( 1,IMG+1, IPR),TTS( 1,IMG+l, IPR),TCHEM('1ING+I.CBM 932
1, IPR) ,TBPF(1,IMG+1, IPR),0,Y2(7) ,Y2(10),3) CBM 933

IRB=IR( 15) CON 934

I .33
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CALL LOOK( 17,CMDL , U MC( 1 * 1141. IPR+1) ,TTS(1, IMG+1 *IPR+1) ,TCHEM(1, ICBM 939
IMG+1.IPR+1),TBPF(1,IMG;+l,IPR+1LO,Y2(19),Y2(22)L3) CBM 940
IRD=IR( 17) CBM 941

4233 IF(IBUG.NE.O) WRITE(6,5601) IAB,IRAIRC,IRB,IRD,IMG,IPR,NGS BUG
IF(IBUG.NE.O) WRITE(6,5602) VRP,VR",.CMOL,(Y2(I),I=1,24) BUG

C--------------INTERPOLATE ON LOG PRESSURE
DO 4232 I=1,ITOP

4232 Y2(I)=Y2(I)+VRP*(Y2(I+12)-Y2(I)) CBM 943
IF(NBPF.LE.1) GO TO 4237
IF(VRP.LE.1.01 GO TO 4234
Y2(3)=Y2( 15)
IF(NGS.LE.1) GO TO 4231
Y2(9)=Y2(21) CBM 947
CO TO 4237 CBM 948

4234 IF(VRP.GE.O.O) CO TO 4i237
Y2{3)=(Y2(3)-Y2( 15)'-VRP)/(l1.-VRP)
IF(NGS.LE.1) GO T0 4231
Y2(9)=(Y2(9)..Y2(2l)-VRP)/(1.-VRP) CBM 951

4237 IF(NGS.LE.1) GO TO 4231
D0 426 1=1,6

426 Y2(I)=Y2(I)+VRM*(Y2Cl+6)-Y2(I)) CBM 954
4231 IF(Y2(1).GT.0.O) GO TO 4261

ITL= ITS
GO TO 4356 CBM 957

C
4260 CONTINUE

C --- IF IBOT=4-1, DIKI RETURNS Y2(4)=-1.O ONLY
CALL DIKI (PESiCMDL rLŽ._YJL,_PLt. IBOT.JTBU)

C -- FFLAG =ITERATION AT WHIlCH FACTOR IS FIRST COMPUTED (OR UPDATED)
C IF(IMSG.;EQ.2) WRITE(6,1510)ITERMITER,FFLAG,FACTOR,IOPTN
C1510 FORMAT(1 .. *4***- IIER,MITER,FFLAG,FACTOR,IOPTN,-
C 1 ,/, 10X,315,F10.5,15)

IF(IOPTN.LE.O) GO TO 1405
IF(FACTOR.EQ.-1.O) F fLAG = [TER
IF(IBOT.GT.O) CO TO 405S
IF(MITER.EQ,1,OR.FFtAG.EQITER) CO TO 91
IF(MOD(ITER,MITER).Nf.1) GO TO 506

C - -- COMPUTE FACTOR TO MIRGE CURVES
91 CALL MERGER(FACTOR,XTEMP)

C --- ADJUST BPRIME BY FAGIOR
506 CCC=EXP(CMDL)

CMDL=ALOG(AMAXI(FACTOR*CCC,1 .OE-5))
CMDLP=EXP (CMDL)
IF(MITER.EQ,1.OR.FFL.AG.EQ.ITER) CO TO 92
IF(MOD(ITERMITER).NL.1) GO TO 405

92 IF(IMSG.GE.1) WRIIL(6,100)TH,ITER,XTEMP,TS,FACTrOR,CCC,CMDLP
100 FORMAT(' ***1*** MERGFR - TIME ITER, XTEMP, TWALL,

1'FACTOR._ BP,_ BIW-FACTOR /,I17X,F9.4,15,2F12.5,3F9,5)
C

405 JO=l
IF (Y?(4).LE.O.0) GO TO 4359

C --- SECOND CALL ON DIKI IF Y2(4).LL.O
CO TO 4261

4359 CMDL=BPLH
IBOT=-l
Y2( 1)=TS

CAL DKIPRES CMOLCH .Y2 T.PLH.IB T.TL
C -- USE FACTOR FROM FIRST CALL TO DIKI TO MERGE CURVES

IF(IOPTN.LE.O) GO 10 41261
IC -- ADJUST BPRIME BY FACTOR

34
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CCC=EXP (CMDL)I ~CMDL=ALOG(AMAX1 (FACIOR*CCC, 1.OE-5))
CMDLP=EXP (CMDL)
IF(MITER.EQ.1.OR.FFLAG.EQ.ITER) GO TO 93
IF(MOD(ITER,MITER'1.NE.1) GO TO 14261

93 IF( IMSG IGE.1) WRITE(6,99)TH,ITER,XTEMP,TS,FACTOR,CCC,CMDLP

99 FORMAT(, ***2**- MERGER - TIME I ITER, XTEMP, TWALL, '
1' FACTOR, BP, 13P*FACTOR =,/,17X,F9.14,I5,2Fl2,5,3F9I.,

14261 CONTINUE ________________________CBM 958
C -------LOOK UP EMMISSIVITY OF SURFACE MATERIAL

CALL LOOK(LI,Y2(1),TT2(1,2),TEP(1,2),O,O,OEMIV,DMIV,l) CBM 959I ~IF(MATL(l).EQ.2) GO TO 1427
CALL LOOK(3,Y2(l) ,Tr2(1,1) ,TEP(1,l),OO,O,Y3,D3,1)
EMIV=EMIV+XP1*(Y3( 1)-EMIV) CBM 962
DMIV =DMIV+XP1*(D3(1)-DMIV) CBM 963I 427 TSSQ=Y2(1)*Y2(l) CBM 9614
TS=Y2( 1) CBM 965

C
C -------COMPUTE DEPARTURE FROM ZERO OF SURFACE ENERGY BALANCE
C RAD = RADIATION AWAY FROM SURFACEI C QRA = INCIDENT RADIAT ION
C ERR =DEPARTURE FROM ZERO OF SURFACE ENERGY BALANCE
C DERR = RATE OF ERR PER LN(BPRIME) FOR ABLATING SURFACE OR
C RATE OF ERR PER TWALL FOR NON-ABLATING SURFACE.
C ERRC = CORRECTION TO LN(BPRIME)

C - 860INC EFFECT- ONA RA91ATIVE 1IEAT TRAA111FER
C D9i DEIJE T'. AT AlTITUDE AFTF5
C -460W - PERCENT DLO6:IIN
C DLOFA6 w BI~e' FACTOBR ON RADI)ATION11 1 X., QRA

-IF ( 1 B9P 4: 6E. ) GEO 10 5090
CALL AT?4(AFTF 9, 9161611 9IM;,DUMW, PUMA, 991)
8LO.4 OtI)HY~ELF6-901 -; 90. 0
!F'Ir=:OL:r.kQ.4) GO 10 5;99

G ~USING GARBON ASCLAilN 6 E61-15
IF(BLOW.GT.CT,.0) 960PAC-9,69

I9(9DLO.G.T_. §.Q.AAND.0l6O~v.LE.2O) 41LOFAC 0.70 6.8el"BOLO
IF(BLOW.GE. G.0.ANP.3LOQ!.6E. 9.0) SLOFgAC 0.05 9.058-8iLCA
CC To 5s

C UCiIJO AIR ADLA11Cr4i8 spaECeC
5:166 - F-8EE~iL*:F.CT 3.8O) 91LOFAC O.83

-~f~L3.OT~3..Af).DOW.C.' BE3 DOF 0O. 9 i 6.662-81:0W
_______________.________Oki

C ---4- QROHANGED TO O.ANUH0*.LA.BLOFAC-BELOW BY.O1O 1/8

ERR=CH*Y2(2),EM I ffhtE

DERR=CH*Y2(5)+( (QA9L)-'kDEIV*MV4/SRDB 1))*Y2(14) CBM 968
ERRC=ERR/DERR CBM 969
VITER( ITS)=CMDL CBM 970IEITER( ITS)=ERR CBM 971

IF(ERRC.EQ.O.O) GO T0 14355
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lF(ABSIERRC)LLT.1.OE-6) ERRO ERRC/ABS(ERRC)*1.OE-6
4355 IF (IBOT.LT.O) GO TO 4357

CMDL =CMDL - ERRO
GO TO 4358

4357 TS = TS-ERRC
Y/2(1) = TS

4358 IF(IBUG.NE.O) WRtTE(6,5602) (Y2(I),1=1,6) BUG
IF (JD.EQ.1) GO T0 4367
CMMI=-1 .E+30 Cam 973
CMMA=+1 .E+30 Cam 974
IF(ILO(14).GE.IRA) GO TO 4363
IF(ILO(16).GE.IRC) GO TO 14363
IF(NGS.LE.1) GO TO 4270
IF(ILO(17).GE.IRD) GO TO 4363
IF(ILO(15).GE.IRB) GO TO 4363
CMMI =AMAXI(TLMC(IRD,IMG+1,IPR+1)+TLMC(IRD-1,IMG+1,IPR41),
1 TLMC(IRB,IMG+1,IPR) +TLMC(IRB-1,IMG+l,IPR))

42"10 CMMI = AMAX1(TLMC(IRAIMG,IPR)+TLMC(IRA-1,IMG,IPR),CMMI,
1 TLMC(IRC,IMG,IPR+1)+TLMC(IRC-1,IMG,IPR+1))/2.O
CMDL=AMAX1 CCMDL ,CMM I) Cam 985

4363 IF(IHI(14).LE.IRA+1) GO TO 4366
IF(IHI(16).LE.IRC+1) GO TO 4366
IF(NGS.LE.1) GO TO 4275
IF(IHI(17).LE.IRD+1) GO TO 4366
IF(IHI(15).LE.IRB+1) GO TO 4366
CMMA =AMIN1(TLMC(iRD+1,IMG+1,IPR+1) + TLMC(IRD+2,IMG+1,IPR+1),
1 TLMC(IRB+1,IMG+1,IPR) + TLMC(IRB+2,IMG+1,IPR))

4275 OMMA =AMIN1(CMMA,TLMC(IRC+2,IMG,IPR+1)+TLMC(IRC+1,IMG,IPR+1),
1 TLMC(IRA+1,IMG,IPR)+TLMC(IRA+2,IMG,IPR))/2.0
CMDL=AMI Ni(CMOL ,CMMA) Cam 996
IF(ITS-ITL-1) 4366,4351,4352 CBM 997

4351 ERRS=ERR Cam 998
OMOL =CMMA Cam 999
GO TO 4367 CBm 1000

4352 IF(ERR*ERRS) 4354,4367,4353 cam 1001
4353 CMDL=CMMA Cam 1002

GO TO 4367 Cam 1003
4354 ITL=55 CBM 1004

IF(ERRC.EQ.O.0) CMDL =CMMI
GO TO 4367 Cam 1007

4366 IF(ITS.NE.ITL) GO TO 4367
4356 CMDL = AMIN1(TLMC(I1,IMG,IPR),TLMC(13,IMG,IPR+1))

IF(NGS.LE.1) GO TO 4367
OMDL = AMIN1(CMDL,TLMC(12,IMG+1,IPR),TLMC(14,IMG+1,IPR+j))

4367 IF (CMDL.GT.1O,0) CMDL=1O.O
CMD=EXP (CMDL )*CH*CMH CBm 1013
IF( IBUG.NE.O) WRITE(6,5602) TH,DTH)/RM,ERFX,EMIVOMIVRAD,B(1), BUG
1 CH,PHI,0(1),I4E,XP1,QRA,CMOL,CMMA,ERR,DERR,ERRC BUG
IF (ITS.EQ.31) TOL.ER = 2.0*TOLER
IF (ITS.LE.30) GO TO 415
IF (IBOT.LT.0) GO T0 415
DUM=EITER(ITS)-EITER(ITS-1)

C----IF SUCCESSIVE SURF. BALANCE ERRORS ARE SAME
IF (DUM.EQ.O.O) GO TO 4376
CMDL = VITER(ITS-I) -EITER(ITS-1)*(VITER(ITS)-VITER(17S-1))

1 /DUM
415 IF(ITS.EQ.40) TOLER 2.0*TOLER

IF (ITS.EQ.50) GO TO 4376
IF (ITSLT.49) GO TO 4375
XMIN =1.OE+6
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DO 4374 15 =1,419
IF(ABS(EITER(15)).G;I.XMIN) GO TO043714
CMDL = VITER(15)
XMIN = ABS(EITER( IS))

4374 CONTINUE
4375 ITS = ITS+l

IF(ABS(ERR)-TOLER) 14312,14372,423I 4376 WRITE(6,56014) TH,ERR
5604 FORMAT(37H NO CONV IN SURF BAL, TIME & ERR ARE ,2FI14.5

GO TO 4372
C
C--------------- NON-ABIAIING SURFACE CBM 1017U LA O NICTENEDFR ERE SB WE

420 TS=TSAVE CBM 1018

C GOING FROM NON-ABLAIOR TO ABLATOR USING DIKII ~FACTOR=-1 .0
BLOW=O.O

IC
IAB=O CBM 1019
CMD=0 .0 CBM 1020

430 IF(II.EQ.3) GO TO 1433
ILO( 18)=l
IHI(18)=KHI(IMG,IPR) CBM 1023
ILO(20)=lIIHI (20)=KHI (IMG, IPR+1) CBM 1032
CALL LOOK (18,TS,TTS(1,IMG,IPR),TCHEM(1,IMG,IPR),O,O,O,Y2(1),Y2(2)CBM 1026
1,1) CBM 1027
CALL LOOK C20,TS,rTS(1,IMG,IPR+1LTCHEM(1,IMG,IPR+1),O,0,O,Y2(5), CBM 1035
1Y2(6), 1) CBM 1036I IF(NGS.LE.1) GO TO 14322
ILO( 19)=1 ORM 1024
IHI (19)=KHI (IMG+1IPR) CBM 1025
ILO(21 )=1 CBM 1033IIHI(21)=KHI(IMG+1,IPRi+l) CBM 10314
CALL LOOK (19,TSTTS(1,IMG+1,IPR)LTCHEM(1,IMG+1,IPR),O,O,O,V2(3), CBM 1028

1Y2(4) ,1) CBM 1029
CALL LOOK (21,TS,TIS(1,IMG+1,IPR+1),TCHEM(1,IMG+1,IPR+1LO,0,O,, CBM 1037
1Y2(7) ,Y2(8),1) CBM 1038"I ~DO 4321 1 =1,2

4321 Y2(1)=Y2(I)+VRM*(Y2(1+2)-Y2(i))
DO 4423 1=5,6

141423 Y2(I) = Y2(I) +VRM*(Y;1(1+2)-Y2(i))
14322 IF(IBUG.NE.0) WRIIL(6,5601) IAB,IMG,IPR BUGIIF(IBUG.NE.O) WRIIL(6,5602) (Y2(I),I=1,8),IS,VRM,VRP BUG

00 14323 1=1,2
4323 VR! 1+4)-Y2(1L1

C ----Y2() =-HWSINCE 010 Y2(1)=1GHEM=-(l+B')*HW+B'C*HC=-H~W

IF(IMSG.GE.3) WRITII(),14330)ITER.PRES,rS,Y2(1)
*4330 F ORMATI' **** I TtR.PRES.TSY2Cl - '.5,31115,51

C
IF(IBUG.NE.0) WRI1L(6,5602) (Y2(I),I=1.2) BUG

433 CALL LOOK (14,TS,Ir2(1,?),TEP(1,2),O,O,0,EMIV,OMIV,1) CBM 1043I ~IF(MATL(1).EQ.2) CG) 1014142
CALL LOOK (3,TS.TT?(1,1k.TEP(1,l),O,0,O,Y3,D3,1) C
k2MIV=EMIV+XP1*(Y3( 1)-IMIV) COM10146
DMIV =DMIV+XPl*(D3(1))I)MIV)

14142 TSSQ=TS*TS CBM 10148I ~IF(II.NE.3) GO TO 1111'??
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IF(EMIV.EQ.OO) 1MIVr-I.0
4422 RAD=S[IG*EM IV*TSSQ*1 SSQ*VF CBM 1052

ERR=CH*Y2( 1)+EMIV*QRA-RAD-B( 1)*TS+ERFX
DERR=CH*Y2(2)+( (QRA-RAO/EMIV)*DMIV-4./TS*RAD-B(1)) CBM 1054
ERRC=ERR/DERR CBM 1055
VITER( ITS)=TS CBM 1056
ErTER( ITS)=ERR CBM 1057
TS=TS-ERRC CBM 1058
IF(II.GE.3) GO TO 4507
TSMI=-1 .E+30
TSMA=+1 .E+30 CBM 1061

I RA=IR( 18) CBM 1062
IRB=IR( 19) CBM 1063

I RC=IR(20) CBN 1064
IRD=IR(21) CBM 1065
ir(ILO(18).GE.IRA) GO TO 4501
IF(ILO(20).GE.IRC) GO TO 4501
IF(NGS.LE.1) GO TO 4503
IF(ILO(21).GE.IRD) GO TO 4501
IF(ILO(19).GE.IRB) GO TO 4501
TSMI = AMAXI(TTS(IRD,IMG+1,IPR+1)4TTS(IRD-1,IMG41,IPR+1),
1 TTS(IRB,IMG+1,IPR) + TTS(IRB-1,IMG+1,IPR))

4503 TSMI = AMAX1(TSMI,TTS(IRA,IMG,IPR) + TTS(IRA-1,IMG,IPR),
1 TTS(IRC,IMG,IPR+1)+TTS(IRC-1,IMG,IPR+1) )/2.0
TS=AMAX1(TS,TSMI) CBM 1075

4501 IF(IHI(18).LE.IRA+1) GO TO 4507
IF(IHI(20).LE.IRG+1) GO TO 4507
IF (NGS.LE.1)GO TO 4510
IF(IHI(21).LE.IRD+1) GO TO 4507
IF(IHI(19).LE.IRB+1) GO TO 4507
TSMA = AMIN1(TTS(IRD+1,IMG+1,IPR+1)+ITS(IRO+2,IMG+1,IPR4.1),

1 TTS(IRB+1,IMG+1,iPR) + TTS(IRB+2,IMG+1,IPR))
4510 TSMA = AMINI(TSMA,TTS(IRA+1,IMG,IPR)+TTS(IRA+2,IMG,IPR),

1 TTS(IfRG+1,IMGIPR+1)+TTS(IRC+2,IMG,IPR+1) )12.0
TS=AMIN1 (TS.TSMA) GBM 1085

4507 CONTINUE CBM 1086
IF (IBUG.EQ.0) GO TO 104

WRITF(6,5601) IRA,IRB,IRC,IRO,IAB
WRIIL(6,5602) TSMI,TSMA,TS,ERRCDERR,ERR,
I VITE(ITS)BUG

1 VTE(IS) WRITEU6.5602) TH,DIH,VRM,ERFX,EMIV,D#41V,RAD,B(1), BUG
1 CHPHI,D(l),HE,XPI,QRA.CMDL BUG

104 IF(ITS.GT.50) GO 10 998
ITS =ITS +1
IF(ABS(ERR).GT.1.O) GO TO 430

C
C---------------POST IlIRATION CB?4 1096
C

IF([I.GT.2) GO T0 1437
Y2(2) = Y2('.)

4372 QCHEM=Y2(2) CBM 1099
C IF (ITS.1,T.30) GO TO 1438
C WRITE(6,583) TOLER,fkRR.TH

IF(ISEN(1).NE.0) GO TO) 4373
QCONV = 0.0
GO TO 1439

4373 CALL OGLE(C1,TS,QCONV,ISEN( IPR) ITSEN( IIPR) THSEN(1I,IPR).TCPSEN(1,CBM 1103
11IPR)) CBM 1104
CALL OGLE(1,TSQQ .ISLN(IPR+I),TTSEN(I,tPR+I),THSEN(I,lPk.1),TCPCBM 1106
1SEN( 1,IPR-1)) COM 1107
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QCONV=QCONV+VRP* (QQ-QCONV) CBm 1108
1439 QCHEM=(QCHEM+QCONV)*CHIHW=QCONV Cam 1110

QCONV=CH*( HE-QCONV) cm11
DSDTB=CMD/RHO(C2) CBm 1112

C-------------- EROSION LUNDELL & DICKEY DATA BASED ON JANAF SPECIES
CMDM =0.0IDSDTM 0.0
IF(IEROS.EQ.0) GO TO '441
IF (TS.LT. 7245 .0.AND.TS. CT.4600.0)

1 CMDM =CMD*(564.59/(7521.0-TS)-O.155?3)I IF(TS.GT.7245.0) CMDM =1.89*CMD
DSDTM = CMDM/RHO(2)

441 DSDTT = DSDTB + DSDTM
IF(NBPF.LE.0) GO TO 1437
IF(IAB.GT.0) CMFL = EXP(Y2(3))*CH*CMiiI1437 RO(1)=RON(l) Cam 1116
BR=CH/(CHZ+1 .OE-15)
QRP=EM IV*QRA*BLOFAC CBm 1118
QCOND=-D( 1)+B( 1)*TA( 1) cam 1119
TEMP = DTH*ASU/AREA(1)

C-------------- TIME INTEGRATED VALUES
QCONVT = QCONVT + QCONV*TEMP
QCHEMT = QCHEMT + QCHEM*TEMP
QCONDT = QCONDT + QCOND*TEMP
QRPT = QRPT + QRP*TEMPIRAOT = RADT + RAD*TEMP
SUMQE =SUMQE + DTH*(QC0NV+QRP-RAD+QCHEM-QCONO)

C-------------- RECOMPUTE TOLERANCE
TOLER =AMAX1(0.25,AMIN1( 1.0.ABS(O.01*QCONV)))Uc Cam 1125
DEDT=RON(1)*CPC1)*(TS-TSAVE)*DEL(1)/D1i1 CBM 1126
DTDT(1) = (TS-TSAVE)/OIH

DO 95 1=2,NL Cam 1127
RO(I) = RON(I) Cam 1128
TEMP =(D( I )-A( I )*TA( 1-1) )/B( II Cam 1129
DEDT=DEDT+RON( I)*CP( I)*(TEMP-TA(I ))*DEL( I)*RR( I)/DTH Cam 1130
DTDT(I) = (TEMP-TA(I))/DIH

95 TA( I)=TEMP cam 1131
IF(NUMN.LT.NB#4) GO TO 97I K = NL
TA(NBM-1) = TA(NL) Cam 1134

DO 98 1I N8MNUMN Cam 1135
K =K+1 CBM 1136

98 TACI) = (D(K)-A(K)-TA(I-1))/8(K) Cam 1137I97 DEDTT=DEDTI+DEDI*DTHi/AREA( I)OASU Cam 1138
IF(IBUG.NE.O) WRITE(6,5602) (TA(I),171,NUMN) BUG
IF(NDBU.EQ.O) GO TO 756
LL =NFIM1
LU=NLA( NO8U) Cam 1141

DO 757 1 =L LLU B112
757 RO(I)=RON(I) Cam 1143

C Cam 114,6
C SHRINK (AND DROP) Of LAST ABLATING NO01: CBm 11,17IC CBM 1`148

756 IF(DEL(NL).GT.DELM) GO TO 150
DRLP=-DEL (NL)-RO(NL)-RR(NL)
DRL-CPrDRIY'CP(NL) Cam 1152
NL=N(- 1 Cam 1153

LGAP(NL) =LGAP(NL*1)
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GAP(NL) =GAP(NL+1)
RC(NL)=RC(NL+1) Cam4 1154DRL=OEL(NL)*RO(NL)*RR(NL) Ca14 1155
DRLC=DRL*CP (NL) Cam 1156HAPHB=DRL*H(NL)+DRLP*H(NL+l) Cam4 1157
Top 1=DRL*DRLP Cam4 1158
TOP2=DRLC4+DRLCP Ca14 1159
TOP3=DRLC*TA(NL) +DRLCP*TA(NL+1) CR14 1160
VOL=DEL(NL)*RR(NL)+OEL(NL+1)*RR(NL+l) Cam4 1161
DEL(NL)=DELCNL)+DEL(NL+1) CR14 1162
RA(NL)=RA(NL)+6.*DEL(NL+1) Cam4 1163
RO(NL)=TOP1/VOL Ca14 1164
CP(NL)=TOP2/TOP1 CBM 1165TA( NL )=TOP3/TOP2 CR14 1166
H(NL)=HAPHB/TOP1 Ca14 1167
OELR=OEL(NL+1 )*RR(NL+1 )/VOL CBM 1168
CZ=1 .O-DELR Cam4 1169
DZ=0.o Cam4 1170

GZ=C Cam1171
NZ=JF*NL-JFH CR14 1172
N=NZ-JF+l Ca14 1173
K=N CBM 1174
FZ=DELR CR14 1175
EZ=GZ C8M 1176
GO TO 179 Cam4 1177

172 DZ=OZ+1.O CB14 1178
173 FZ=DZ-CZ Cam4 1179

IF(K.EQ.NZ) GZ=DELR
K=K+ 1
CZ=CZ+GZ Cam4 1183
E Z=CZ -DZ
IF(EZ.LT..0.) GO TO 178
R OA (N )=R OA(N ) FZR OA(K)
ROB(N)=ROD(N)*FZ*ROB(K) CON4 1187
ROC(N)=ROC(N)+FZ*ROC(K) CR14 1188
IF(N.EQ.NZ) GO TO 150
N=N+ 1

179 ROA(N)=ROA(K)*EZ CR14 1191
ROB(N)=ROB(K)*EZ CR14 1192
ROC(N)=ROC(K)OEZ CR14 1193
GO TO 172 CO14 1194

178 ROA(N)=ROA(N)+ROA(K)*GZ Cam4 1195
ROB(N)=R08(N)+ROB(K )GZ CR14 1196
ROC(N)=ROC(N)4ROC(K)*GZ CR14 1197
GO TO 173 CRam 1198

C150 GO TO 410 cm19
998 WRITE (KOUT,529) CR14 1090

WRiTE(KOUT,582)(VITER( t),EITFR( )I)ýh1.51) CR14 1091
WR ITE (KOIJT,582) TH,DTH.VRM, (RFX,TADC, EM IV,DM IV.RAD.8C1) CHPH I , CR14 1092
1 D(1),HE.)(PI,QRA,Y2(U).Y2(2),Y2(3),Y2(4) (I14 1093
TH=-THF IN CFIM 1094
00 TO 3000 ca14 1095

1 RETURN
£ NI) Cam4 1202
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OSNAME = 'BBE.CCC1 .SOURCE.CMA6.PDS(FDIABC)' VOL=SER=08D08O
OCB=(RECFM=FB,LRECL=8O,BLKSIZE=616O) 01/13/88 013 114:11:54

SUBROUTINE FDTABC(TABC)
c CBM 2
C SUBROUTINE TO COMPUTE THE TEMPERATURE FOR THE MATERIAL TO ABLATE CBM 3
C USING THE HUNTER FORtMUILAT ION REWRITTEN TO GIVE A BPRIME AS A CBM 14IC FUNCTION OF TEMPERATURE.
C
C INPUT: PRES, RUCH - OUTPUT:TABC
CI ~ ~~COMMON/OTPT/CPE(6) .EMO(201) ,OEP(20, 10) ,CNC( 101) ,CN( 101) ,Y1 (4),

1 CNO(101),TO(20),RO(101),NISO(20),BR,CH,GS,SA,T8,TT,ASU,CMD,CMT,
2 1ITS,QRP, RAD,RAT (10 1) RSU,CMDM,CW4T,DCDT,DEDT,D IDT,DPDT, ITER,XSCT,
3 PCPUPRES,QRPT.RADT,SNET,DECOM,DEDTT,DSDTB,PGPUT,QCHEM,QCOND,
4 QCONV,QLOSS,SDNET, SUMQETHPRT,TSAVE,VELFS,DECOMT,

5 PRSATM,QCHEMTQCONOT,QCONVT.QLOSST,KK,RR(I01),DMOG( 101),

COMI4ON/OPTION/TCRIT,BPCRIT,TABCN,IOPTN,IMSG,MITER
COMMON/D1K IBK/E1, KO 1, 2,*K02 , WC ,MWO,CONO2
DIMENSION TWL(50)
REAL Kl,K2,K01,K02,MWC,MWO

C----R IN ATM-CM**3/GM/K
C -------PRIES IN LN(AýTM)

C -------OSTAR IN GCl*/
C-------C (RCH IN K B/T*/

C El IN K
C ---- K1 INCM/SI BP=0.00001

R = 2.83317
PW=EXP(PRES)
GSTAR= . 489*CHI ~BE =MWC/MW0*CONO2
TERM = KO1)IPW/R/GSTAR2'(ALOG(1.0+BE)/ALOG(1.Oi'BP)-1.O)
TW=2000.O/1 .8
TOLER=O. 1

C----ITERATE TO SOLVE ý0R TV'

I COUNT=O
50 I COUNT= ICOUNT. 1

TWL( ICOUNT)=TW
TWAST=TW
TW = El/ALOGf TERM/TW)
TABO TWI1.8
IF(IMSG.GE.2) WRITE(6,100)ICOUNT,TABL

100 FORM4AT(' *vFDT** FI3TAO3C SUB-ITERATION liD. '.13,
1 '. TABC =',F12.5)
If(ICOUNT.LT.15) GO T0 200

150 FORMAT( -FDT- WARNING: FOIABC MAX. ITERATI<)NS EXCEEDED'

20END ' ,1 CBM 1202
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OSNAME = 'BBE.CCC1 .SOWjR(1' .CMA'.POS( INPOUrI)' VOL=SER=D8D080
DCB=(RECFM=FB,LRECL=80,I3IKSI/E-616O) 01/26/88 G26 15:31:53

SUBROUTINE I NPOU'l
C
C CHANGES TO PROGRAM:
C (1/16/87) SIZE OF TTli,TIIE,TQR,TCM,TBRP,TALT,TVEL,TPI
C EXPANDED 10 120 ELEMENT ARRAYS
C (1/19/87) SIZE OF TISFN,IHSEN,TCPSEN,TLMC,TTS,T.CHEM,TBPF,
C TZSEN,ICZSEN,TSURF ,TSFN,
C TPR,NMG,rfMG,NLO,NHI,Klil,ISEN,
C EXPANDED 10 ACCOMMODATE 20 EST TABLES V.!ITH 30
C ENTRIES EACH
C
C (1/29/87) ALL OTHER SUBSCRIPTED VARIABLE DIMENSIO~NS DOUBLED
C AS RECOMMLNDLU BY L.L. PERINI.
C

COMMON KOUT, IEX,D['N,VR cam 5
COMMON I H I(76) , IL ( 16),I R(76) ,TIT2(60,20) ,TCP (60,20) ,TKP (60,20) ,THZCBM 6
1(60,20),TEP(60,20).Tlli(120),THE(120),TQR(120),TCM(120),TT1(60) INPOU 14
2, TtIG(60) ,DH 12(4i) ,RE GORD( 108) ,SO(140) ,RHO(20) . TEPBF (60,20)
COMMON MATL (101) ,DEI (101),TA(101) ,H(101) ,RC( 101) ,RA( 101),
IAREA( 101) ,EMA( 101) ,RAV( 101) ,LCAP ( 11),QGEN( 101) GAP( 101)
COMMON ROA( 1000) ,R03( 1000) ,ROC( 1000) CBM 12
COMMON TPR(20) ,NMG(2'0),

C TMG(5,20),NLO(5,20),NHI(5,20),KHI(5,20),
1 TTSEN(30.20),TtiIýfN(30,20),TCPSEN(30,20),TLMC(30,5,20),ISEN(20),
2 TPI(120), TTS(30.5,2OL0)TCHEM(30,5,20),VFZ,CMH,TBPF(30,5,20),
3 NPR,NGS
COMMON LCT.NPG,I I,NBiM,NUMN,NL,DELHG,DELM,RFT,RHORA,RHORB,RHORC,TRACBM 18
1CA,TkACB,TRACC,RiIOOA,RIIOOB,RHOOG,FA,EB,EC,BA,BB,BC,PSIA,PS IB,PSIC,CBM 19
2TRACM,PET,PETE ,RSV,ETA,DTPR3 ,DIPR2,DTPRT,TPR3,TPR2,THZRO,THFIN,WT,CBM 20
3TMWT,GAMA,OMG, NO, IJIt.,FJF S, JF ,JFi P,JF H, INPUT, DTHIN,BRP,HCONV,CBM 21
",EPSW,TRES,INCH,DTIIB,NN,N1,NOI,CHCRI,PYCRI,TBRP(120),NR,
5 TX(30,6),Fl(30,6).I?1(3,,6),NCON,NBPF,NFIS,BREX,SWELL
COMMON BBB(1O,6),ELI(06),FF(1U,6),PSl(1O,6),RF$O0(1O,6),

XRHOR( 10,6),
IROCOM(50,3) ,DHC(10) ,OlIV( 10) ,RHOC( 10) ,RHOV( 10) ,P(10) ,PP( 10),
XTREF( 10),
2GA(10).OMGA(10),NHl(10),NLAC1U),115(60,20),TENT(60,20),
XTKBU(60,20).
3TCBU(30,10),X(101),ND0[U,NBM?,TRAC(1O,6),NBUFT(10LKNSTIBUG,TBUG,

TALT(120),TVEL(120)),RiRGAP(101),AGAP(I01),ICOND,IEROS,I~jR,
5NGC1,NGC2,NGC3,NGC'I,1C0N1(101) ,ICON2(101),TGON3(1o1),TCONJ4(1O1),

6 COND1(101),COND2(101),COND3(101),COND14(101),
7 THCONV( 101) ,TEPS'4( 10) ,TTRES(101) ,TQ( 101) ,TEPSD( 101), IBF ,TL,THO,
0 JTR LRQB- C 1(20 1) .0OTQ!I ?Q URA1.RA2.R6~.cOM OPTI~4LTCIIý0CRITAM PTNARIsG.t4ITER.ULOPL...
olMH NSION TZSEN(30,?0)O,TCZSEN(30,20),TSURF(30),TSEN(3OLI[Z(3O)
DIMENSION IOPT(6o) INPOU 37
DIMENSION KSV(1fl),IMII (12) INPOU 38
EQU IVALENCE (DlIi 111111, 11) ,(DH2,01112 (2) I TS, TA( 1)

506 FORMAT (11XBliRt.ACt I0N?'X4HRH005xliIIRHiOR8XlHB7X3HPSI8X1HE6X,6HT REAC/2INPOU 4j9
13XI0H(LB/CU FT)6Xf1f(I/SiC) 2X711(DEG R)3X7H(DEG R)) INPOU 50

507 FORMAT (1L4XAI,?X?119.A'.?XE1O.4,j?.2,2XE10.i,F8.0) INPOU 51
510 FORMAT(I12X31HRCSIN VOL-UME FRACTION, GAMMA =F5.3,17H(MASS FRACTIONINPOU 52

1 = F5.3,11H)1IH ) INPOU 53
523 FORMAT (20XF9.2.xIX9. *',11XF9.2) iNPOU 74i
524a FORMAT(/7X28HEN1HAIVIY DATUM TEMPFRATURE =F9.3,iXllpiOEG RANKINE) INPOU 15
536 FORMAT (6X.F8.2.8X.,L1'X.2~~(F8.21,3X),F9.6.2X,F8.5.3X,r8.3I IN
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538 FORMAT(//2IX3OII---SIJRFACE EQUIL IBRIUM DATA---) INPOU105
571 FORkMA!( !2,F 11). 5,f 1I).5,F 10.8,F 1O.5,F 10.5)
580 FOkMAT (8F10.5) INPOU151.587 FORMAT(12)

588 FORMAT( 2010.8)
589 FORMAT( 35H CONDUCTIVITY TABLE FOR GAP KEY 1, I, /

1 30H TEMPR K,BTU/(SEC-FT-F)
2 3X,F12.7,E15.5 ) )

5790 FORMAT (6X,26HNO RADIUS CORRECTION ON CH) INPOU129
742 FORMAT(615) I NPOU789

28612 FORMAT(6X,36HFISSURf MODEL NOT USED FOR GAS TERMS) INPOU749
28138 FORMAT(6X,12HCHAR SWELL =F8.4,1X16H- CHAR THICKNESS) INPOU651
28136 FORMAT(6X,45HNO CHAR SWELL CORRECTION ON SURFACE RECESSION) INPOU648
28132 FORMAT(6X,66HFISSURE MODEL USED FOR SURFACE ENERGY TERMS AND BLOWIINPOU637

1NG CORRECTION) INPOU638
7902 FORMAT (/28X,24iHDECOMPOSING BACK-UP NO. ,11) INPOU220

DATA BLANK,ASTER/Ill .111-/ INPOU156
NPG = 1
NMG(1) = I

INPUT=5 INPOU157
KOUT=6 I NPOU158
INCH=5 INPOU159

C
C INPUT/OUTPUT INPOU163
C INPOU 164

1 NPG:.1 INPOU165WRITE (KOUT,551)NPG INPOU 166

1EAD1 FOAT(1H110X65H CHARRING MATERIAL THERMAL RESPONSE AND AINPOU106
IBLATION PROGRAM/73XLHPAGEI3/1H 67X2A6) NPOU107

C .......... TITLE CAR(DS

C RECORD(I) = ALPHANUMERIC TITLE
1READ ( 5, 499) (RECORD(I), 1=,I,54)

499 FORMAT (18A4,8X/18A4.8X/18A4,8x)
WRITE (KOUT,5O2)(RHLCORO(I),1=I1,54)

502 FORMAT (6X18A4)
C -- ----------- HEADINGS

WRITE (KOUT,503) INPOU176
503 FORMAT(//24X31H--- RCACIION KINETIC EQUATION---/IH ) INPOU 43

WRITE (KOUT,5011) I NPOU177
504 FORMAT ( 1OX67HDRHO/O I I HM = GAMMA ( BA[XP(-EA/T)RHOOA( (RHOA-RHORA)/I NPOU 44

IRHOOA)-*PSIA )/ ;'lX',6II. GAMMA ( BBEXP(-EB/T)RHOOB((RHOB-RHORB)/INPOU 45
2RHOOB)*PSIB )/ 19X'81i+(1-GAWMA)( BC(EXP(-EC/1)RHOOC((RHOC-RKORC)/INPOU 46
3RHOOC)-*PSIC )) INPOU 47

WRITE (KOUT,505) INPOU178
5•05 FORKAT(/24X3211 --- RJACTION KIN[ TIC CONSTANTS --- /tH )INPOU 40

WHITE (KOUT,506) INPOU119
IC ---------- READ PAtiAMI I{RS FOR INTERNAL.-DECOMPOSITION

C Ag,B9,C9 - MATERIAI COMPONENT

C RHOOA,RHOOB,RHOOC - INITIAL DENSITY Of COMPONENT IC RHORA,RI4ORBRl4ORC .RISI)UAL. DENSITY Or" COMPONENT I

C BA,BB,BC - PRI-lXPONINfIAL FACIOR
C PSIA,PSIBOPSIC -- DINIIY FACTOR LXPONLNT
C FA,EB,EC = ACT IVAlIfIN ENERGY FACTOR
C TRACA.TRACB.TRACC - MINIMUM TIMPERATURE OF REACTION ZONE
C lORD = ?
C NJ8U , NUM•ER OF DICOMPOSING BACKUPS
C

READ (INPUT.564) Al. IItOOARHORA.hA.oPSIA.[A.TRACA.I IORD,

43
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I B9,RHOOB,RHORB,BIB.
I PSIB,E8,TRACI3 C,RHIUOOC,RHORC,BC, PSIC,EC,TRACCNDBU

564. FORMAT (A I 9X,2f 10.),I1It. 3, F 1.'), f 1. 3,f 10. 5,I11/A I 9X,2F 10. 5, E10. 3,
11`10.5, E1O.3,F 10.5/Al ,9X,2F10.5,I1O0.3,F 10.5,EIO.3,FlO.5,9X.I 1)
WRITE (I(OUT,507)A9.RliOOA,RHORA,BAPSIA,EA,TRACA,89,RHOOB,RHORB,BB,INPOU182
1PS IB,EB.TRACB ,C9 ,RIi00OC,RHORC,BC, PSIC.EC,TRACC I NPOU183

C--------------- READ OUTP[UT INTERVAL.S
C JF = NUMBER OF N00ILArS PER NODE.
C NUMN = TOTAL NUMBER OF NODES
C 14N = SWITCH FOR TIlURMOCOUPLE AND ISOTHERM OUTPUT
C NO = NUMBER OF T1IIIIMOCOUPLES FOR WHICH OUTPUT IS DESIRED
C NI NUMBER OF iSOIHIRHMS FOR WHICH OUTPUT IS DESIRED
C THZRO =INITIAL VAI 01 OF TIME
C T:fF IN =F IINAL VAL Uf (11 fI ME
C DTPRT,OTPR2,DTPH3 - OUTPUT TIME INTERVALS
C DIHB =MAXIMUM lIME ')iFP PERMITTED; DEFAULTS TO 5.0 SECONDS
C BRP 8L BOW ING PARAMI 1 R l; BRP < 0 - PUllZ &- BAR TL ET TE CORRLLAT ION
C BRP > 0 - OWfHRIDES ZERO VALUE IN TABLES
C BRP = 0.5 - MI('iKiEY & SPAULDING CORRELATION
C TPR2,TPR3 = TIME OF IT(ANSITION FROM INTERVAL TO INTERVAL
C DELM = MINIMUM THICKNISS Of LAST AeLATOR NODE
C DHI,DH2,DELHG = HEAT OF FORMATION OF VIRGIN PLASTIC, CHAR
C ANI) ilE PYROLYSIS ZONE
C GAMA = VOLUME FRACT ION OR MASS FRACTION OF THE VIRGIN PLASTIC
C WHICH IS OCCUP 110 BY RESIN. NEGATIVE GAMA [!ý MASS FRACTION
C TZ = DATUM TEMPERTURI: Of RHEATS OF FROMAT ION
C

READ (INPUT,563) JF,NIMN.NN,N0.NI,THZRO,THFIN,DTPRT-,D7,PR2,DTPR3, INPOU18I4
IDTHB,BRP.TPR2,TPk3,01IM.0H1,D112,DELHG,GAM4A,TZ INPOU185

563 FORM4AT (12,13,1I1,12,12.7F`10.5/81`10.5) INPOU121
C - - - - -

IF(IDRD.FQ.O) GO 1011/3
READ(5,58O) RATRA?.RA3
WRITE(6,585) RAT.HA,',HA3

585 FORKAT('.6H CHAR DINSITY A FUNCTION OF TEMPERATURE RATE *

1 4a6H RHOC/WII0P- RA1.R4A?/(RA3-LN(DT/DTIME)) .

2 6H1 RAIl-,F1?.1, owl NA2=,FTI?.1. 6H RA3=-,F12.7)
173 IF (0F-1) 171,1103.10.
170 JF=2 INPOU187

GO TO eI NPOU 188
171 JF=10 I NPOU 189
112 JFH=JF/2 tNPOIJI9O

JF =JF 114JF H I NPOU 191
JFHP=-JFH. I I NPOU192
FJFSzJF INPOU 193
F j P H= j F S / 2.O I NPOU194~
NOI=NO+NI INP00195,
If (NO.GT.O) R[AI)(*y.',&1)(SO(I).Il1,NO)
If(NI .IL(.0) GO 10 tl~l,
N OP =NG+ I
READ (INPUT.58fl) (SOIl). I=mOP.NOI) INPOU201

184. IF (GAHA.L T.O.OI
TGAMA=RNOOC/ ( RIIOOC- I 14IIUOA+RHOOB I) - (kHO0A.Rf4OO#3) /C&HA)
04C-1 .0-CAMA

C--------------- INSTANTANtoIIS QjIT Of COMPOSITE
HHiO( 1) zCAMA ( tiOOA.UIIO1l0i ) .OMGUIIOlOC I NPOU20S

GAMAMzGANA/ Ito (11 1( FI~fiOOA*RIfQO`I 1 I NPOU?OI'
WRITE (kOUT.5l0)GAMA.:AM.AM I NPOUZ08
II (NL)6U.iE.O', (0 it, till
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WRITE(6 .79( ))

c 7900 FORMAT (/23X,3411 --- 01tOMPOSING [SACK-UP KINLTICS--'/) INPOU211

C---------------LOOP FOR DECOMPOSING BACKUP MATERIALS
C

D0 704 I=1,NOBU I NPOU212
READ(INPUT,5640)A9,RtiOO(I,1),RHiOR(I,ly,BBB(I,1),PSI(I,1),EE(I,-I), INPOU213
ITRAC(I,l),B9,RHOO(I,2,,RHOR(I,2),BBB(I,2), PSI(I,2),EE(l,21NP0U214
2) ,TRAC( 1,2) ,C9,RHOO( 1,3) ,RHOR( 1,3) ,BBB(I,3) ,PSI( 1,3) ,EE( 1,3) ,TRAC( INPOU215
31.3) I NPOU216

5640 FORMAT (Al,9X2Fl0.5,ElO.3,F1O.5,E.O.3,FIO.5) INPOU124
READ(INPUT,79O1) DIIV(I),DHC(IC,GA(I),TREF%'I) INPOU217

7901 FORMAT (30X,2F10.5,IOX,2FlO.5) I NPOU218
WRITE(KOUT,7902) I I NPOU219
WRITE(KOUT,506) INPOU221

1TRAC(I,l),B9,RHOO(l,2),RHOR(I,2),BBB(1,2), PSI(1,2),EE(1,2,'NPOU223
2) ,TRAC(I,2) ,C9 ,RHOO( 1,3) ,RHOR( 1,3) ,BBB(I,3) ,PSI( 1,3) ,CE( 1,3) ,TRAC( 1NP0U224
31 ,1) I NP0U225
IF (GA(I).LT.O.O)

2RHOO(1I,2) )/GA( I))
OMGA(I)=l.-GA(I)
RHOVCI)=GA(I)*(RHiOO(I,1)+RHOO(1,2))+OMGA(I)*RHOO(I,3) INPOU230
RHOC(I)=GA(I)*(RH0OR(I,1)+RHOR(1,2))+OMGA(I)*RHOR(I,3) INPOU231
GAMAM=GA(I)/RHOV(1H*(RHOO(I,1)+RHOC-(I,2)) INP0U232
WRITE(KOUT,510) GA(I),GAMA4 I NP0U233

DOT7030 J1,3IPU3

704 (TPR2.LE.O TINP-U2F3I

IF(TPR3.GTO.O) GG 10 417
416 TPR3=THFIN I NP0U246

I.7(TPR2.GTTHZRO) GO 1`0 417I ODTPRT=DT PR?
DTPR2=DTOR3 INP0U249
TPR2=TFR3 I NPOU250
GO TO 4~16 INP00251

C--------------ECHO TIME INTERVAL INFORMATION
S.0f7 WRITE (KOUT,511) I NP0U252

511 FORMAT (24X32H---TIMF' INCREMENT INFORMATION --- /1H )INPOU 54
THF IN=AMAX1(THF IN, IPH2,TPR3) INP0U253
WRITE (KOUT,512)THZRO,THFIN I NPOU254I

512 FORMAT (6X18HINIIIAI TIME *SEC)F9.2,26Xl6HFINAL TIME (SEC)F9.2) INPOU 55
WRITE (KOUT,513)DIPRI,iPR2 I NP0U255

1UNTIL F9.2,4H SEC)
WRITE (KOUT,514)DfI'R2,TPR2,TPR3 IPU5

514 FORMAT (6X17HOUTPUl INIERVAL =f9.3,lX8HSEC FROMF9.2,lX9HSEC UNTILFINPOU 58
19.2,411 SEC)
WRITE (KOUT,515)DTPR3,IPR3 I NP0U257

515 FORMAT (6Xl7HOUTPUT INTERVAL =F9.3,1X8HSEC FRONF9.2,lX2OHSEC UNTILINPOU 60
1 FINAL TIME/IH ) INPOU 61

WRITE (KOUT,516) DiIHB I NPOU258
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516 FORMAT (6X,19HMAXIMIUM IlIME SILP --,F9.3,8H SECONDS)
C - - - - -

TRACM=AMIN1(TRACA, IRACE3,IRACC) INPOU259
PETE =0.0

ZZZ RHO(l) - RIIO(2)
IF(ZZZ.NE..0.) PETE :-RHO(1)/ZZZ
PET=PETE*RHO(2) INPOU261

C
C---------------NODAL PROPLRTIES INPOU262
C

N=O I NPOU263
KHS=10 I NP0U2614
NDBUCH=O I NPOU265
Jl=JFH I NP0U266
CALL LCOUNT (-NUMN-8,L.CT,NPG)
WRITE ( 6,517)

51' FORMAT(/29Xl6PH---NOI)AI DATA ---/IH ) INPOU 63
WRITE ( 6,518)

518 FORMAT(6X74HNODE MAIL TEMPERATURE RELATIVE THICKNESS NODAL DEINPOU 6L4
1PTEI GAP OGEN
WRITE ( 6,519)

519 FORMAT(7X95HN0. NO. (DEG.RANKINE) AREA (INCHES) (INCHES) INPOU 66
1 INCHES BTU/FT'3-SIC RRGAP AGAP
B=ASTER INPOU271

C---------------READ NODAL. DATA
C MATL =MATERIAL NUMBER
C TA =INITIAL TEMPERATURE
C AREA =INITIAL CROSS-SE-CTIONAL AREA; BLANK IF RADIUS RELATED AREA
C DEL =INITIAL THICKNESS OF NODE
C RA IDENTIFIES CU)ME TRY TYPE
C QGEN = HEAT GENERATION
C LOAP = FLAG FOR GAPI TYPE
C GAP =GAP S IZE I N I NCHE S
C

READ( 5,560)(MATL(I),TA(I),AREA(I),DEL(I),RA(I8ýQULN(I),
I LGAP(I),GAP(I),I- T ,NUMN)

560 FORMAT(12,5E10.O,ll,E9.O)
C - - - - -

RC(I) = 0.0
AE=RA(2) I NP0U273
RSV=RA( 1) I NP0U274
RA( 1)=O.O I NP0U275
RRGAP(l) = DEL~l)

C
C---------------PROCESS NOD)AL DATA
C

DO 400 I=1,NUMN I NPOU276
IF(I-2) 4541,452,1153 I NP0U277

453 RA(T)=RA(i-l)+(DEL(T-T)+CEL(I))/2.O + GAP(I-1)
RRGAP(I) =RA(I) + (GAP(I) + DEL.(I))12.0
GO TO 461 I NPOU279

452 RA(2)=DEL(1)+DLL(2)/2. + GAP(l)
RRGAP(2) = RA(2) + (GAP(2) + DEL (2))/2.0
B=BLANK INPOU281

461 DEL(I-i )ýDEL (1-1)/12. I NP0U282
GAP(I-1) =OGAP(1-1)/T?.0

4541 RAV(I)=RA(I) I NPOU283
IF(AE.EQ.0.0) GO TO 454T3
AREA( I)=(ABS(RSV+RA( I)) )**AE INPOU285
AGAP(I) =(ABS(R5V+HRGAP(I)))**AE
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GO TO 14514 INP0U286
145143 IF(AREA(I).GT.O.fl) 6O TO 14514

lF(RSV.EQ.O.0) GO TO 145116
AREA( I)=ABS(RSV+RA( I))
AGAPMI = ABS(RSV+RRGAP(1))
AE=1 .0 I NPOU290
GO TO 14514 I NP0U291I 45146 AREA(I)=l. INPOU292
AGAP(I) 1.0

14514 QGEN(I) QGEN(I)*1'128.O
WRITE( 6,520)I,MAIL.(i),TA(Il)AREA(I),DEL(I),RA(I),GAP(I),U 1 LGAP(I),QGEN(I),RRGAP(I),AGAP(I)

520 FORMAT(3X216,Fl2.2,1113.14,F9.5,F 12.6,F9.6,1X,I11,F9.3,F9.6,F9.6)
IF(LGAP(I).EQ.0) GO TO 4155
IF(LGAP(I).LE.14) WRII[E(6,5146)

5146 FORMAT(20H GAP GAS CONI) BELOWI ~IF(LGAP(I).EQ.5) WRIML6,5147)
5147 FORMAT(18H AIR IN CAP

IF(LGAP(I).EQ.6) WfoilEC6,5148)
5148 FORMAT(18H HELIUM IN GAP

IF(LGAP(I).EQ.7) WRI1I(6,5149)
5149 FORMAT(18H NO GAS IN GAP
1455 IF (MATL(I)-2) 1401,4&05,705
1401 NL=I I NPOU295

DO 14014 J=1,J1 I NP0U296
N=N+l INP0U297I RHOCI(I) =RHO(2)
ROA( N)=RHOOA INPOU298
ROB(N)=RHOOB INPOU299

14014 ROC(N)=RHOOC I NPOU300I Jl1=JF INPOU301
GO TO 1400 I NPOU302

1405 NL=I INPOU303
DO 1406 J=1,JI I NPOU3014
N=N+1 INPOU305I ROA N )=RHORA INPOU306
ROB(N)=RHORB I NPOU307

1406 ROCCN)=RHORC INPOU308
Jl=JF INPOU309
GO TO 1400 INPOU3b0I 705 IF(MATL(I).LE.1O) GO IT) 1400

C-------------- PROCESS CHIARRING BACKUP MATERIALS
K=MATL( I)-21
VKH=FLOAT(K)/2.O INPOU313
KH=K/2 INP0U3114
VKH2=KH
IF(VKH.NE.VKH2) GO TO 708
ROCOM(lI,l)=RHOR(KII,1)
ROCOM(1I,2)=RI4OR(KH,2) INPOU317
ROCOM(1I,3)=RHOR(K'1,3) INPOU318IX(I)=0. INPOU319
GO TO 709 INPOU320

708 KH=KH+l INPOU321
ROCOM(1I,1)=RHOO(KH,1) INP0U322I ROCOM(1I,2)-zRHOO(KlI.2) INP0U323
ROCOM( I,3)=-RHOO(KIf,3) I NPOU3214
X([I)=1.0 I NP0U325

709 IF(KH.EQKHS) GO T0 -1092
NFI (KH)=I

KHS=KH NP0U328
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NDOEUCH=NDBUCH+1 INPOU329
7092 NLA:KH)=I INPOU330
400 CONTINUE INPOU331

C
C PROCESS BACKUP MATERIALS
C

IF(NDBU-NDBUCH) 7095,403 ,7093
7095 WRITE(KOUT,7096) INPOU333
7096 FORMAT(10X,55HTOO MANY DECOMPOSING BACK-UPS IN NODAL DATA -- QUIT INPOU334

-1JOB)
STOP INPOU336

7093 WRITE(KOUT,7097) INPOU337
7097 FORMAT(IOX,54HT00 FEW DECOMPOSING BACK-UPS IN NODAL DATA -- QUIT J

lOB)
STOP INPOU340

403 DEL(NUMN)=DEL(NUMN)/12. INPOU342
GAP(NUMN) = GAP(NUMN)/12.0
CALL SLOPQ(NUMN,RAAREA,EMA) INPOU343
NBM=NL+1 INPOU344
IF(NDBU.EQ.0) GO TO 7099
NBM2=NLA(NDBU)+1
GO TO 7091 INPOU347

7099 NBM2=NBM INPOU348
7091 CONTINUE INPOU349

IF(RSV) 4031,4032,4033 INPOU350
4031 RSVN=-RSV INPOU351

WRITE(KOUT,554)RSVN,AE INPOU352
554 FORMAT(8X24H*INITIAL EXTERNAL RADIUS,lX,F6.3,4X,21HAREA PROP.TO RAINPOU113

IDIUS**F4.2) INPOU114
GO TO 304 INPOU353

-4032 WRITE(KOUT,555) INPOU354
555 FORMAT(8X15H*PLANAR SURFACE) INPOU115

"GO TO 304 INPOU355
"4033 WRITE(KOUT,553)RSV,AU INPOU356

553 FORMAT(8X24H*INITIAL INTERNAL RADIUS,1X,F6.3,4X,21HAREA PROP.TO RAINPOU111
1DIUS**F4.2) INPOU112

304 WRITE (KOUT,521) DEL.M,JF INPOU357
521 FORMAT ( 1lX47HMINIMUM THICKNESS OF LAST ABLATOR NODE (INCHES)FINPOU 69

17.4/14X,1OHTHERE ARE ,12,40H NODELETS ASSIGNED TO EACH ABLATING NOINPOU 70
2DE) INPOU 71

DELM=DELM/12.0 INPOU358
C ---------- READ BACKWAIL HEAT TRANSFER
C IBF = NUMBER OF TABULAR ENTRIES
C HCONV = BACKWALL CONVECTIVE COEFFICIENT
C EPSW = BACKWALL EMMISIVITY; RADIATES TO ZERO DEG R
C TRES = RESERVOIR TEMPERAIURE FOR CONVECTION
C CHCRI = CHAR ZONE CRITERIA (RC)
C PYCRI = PYROLYSIS ZONE CRITERIAL (RP)
C NCON = OUTPUT THERMAL. CONDUCTIVITY INSTEAD OF ENTHALPY
C

READ(5,582) IBFHCONV,EPSW,TRES,CHCRI,PYCRI,NCON
582 FORMAT(12,F8.5,4FI0.5,9X,I1)

IF (IBF.EQ.O) GO TO 305
C ----------- READ IIME DEPENDENT BACKWALL HEAT TRANSFER TABLE
C TQ = TIME
C THCONV = BACKWALL CONVECTIVE COEFFICIENT
C TEPSW = BACKWALL EMISSIVITY FOR RADIATION TO ZERO DEC R
C TEPSD = BACKWALL EMISSIVITY FOR RADIATION TO TTRES
C TTRES = RESERVOIR 1EMPERATURE
C
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DO 306 1=I, I B1f
READ(5,590) TQ(I),IIIC;ONV(I),TEPSW(I),TEPSO(I),TTRES(I)

590 FORMAT(5F10.5)
306 CONTINUE

GO TO 307
C

305 DO 308 1= 1,2I ~THCONV( I)=HCONV
TEPSW( I) =EPSW
TEPSO(I) = 0.0)
TTRES( I) =TRESI308 CONTINUE

TQ( 1)=THZRO
TQ(2)=THF IN
IBF=2

307 IF (CHCRI.LE.O.0) CIICRI=O.02
IF (PVCRI.LE.O.0) PYCRI=0.98
TA(NUMN+1 )=TRES
CALL LCOUNT(4ticr,NIPG)
WRITE(KOUT,581) fiCoNV,II-PSW,TRES I NP0U366

581 FORMAT(/ 14X20HBACK WAI L CONVECT ION1OX9HBACK WALL 1OX9IIRESERVOIR/ INPOU152
I13X23HCOEF BTu/Frsq-SFC-DEG R8XIOHEMISSIVITY8XI1HTEMPERATURE/ INPOU153

217XF10.14,18XF6.3,lOXF 10.2) INPOU154
WRITE(6,591)

591 FORE4AT(20H BACKWALL CONDITIONS/
I 57H TIME(SEC) Cli(I3TU/S/F2/R) EMSW EMSD TRES(R)

00 309 1 = 1,IBF

WRITE(6,592) TQ(I),THCONV(I),TEPSW(I),TEPSD(I),TTRES(I) POJ6
52FORMAT(/18XL1 ,--IIEA O.3F FORMATION FMTRA CNTTET--/7IPU7

CALL LCOUNT(5,LCT ,NI'G)
C------------WRTE52 OUINTPLY ATM3E68ATR

WRITE (KOUT,523DiI~)IfEHLIPU6

CALL LCOUNT(8,I Cl ,NPG(-)
WRITE (KOUT,7924)T IJNP0U371

WRITE(KOUT,7902) .) NP0U375

798 WRITE(KOUT,521)TR() INPOU377

CALL LCOUNT6,52.C Ti,NP),04()D GIPU7
798WRITE (KOUT,525) TU()IPU7

525 FORMAT (//22X3611 --- MATERIAL TIIERMAL PROPERTY DATA---//6Xl4HMATEI 'NPOU 76
11AL NO. 11OX1I4HMATERIAL NO. 21OX26HMATERIAL NOS. 3 THROUGH 1O/6X41iNPOU 77I 21WI RG IN PLASTIC 1 XITHCH.fAR23X7HBACK-UP) INPOU 78
CALL LCOUNT(3,I.CT ,NP(-)
WRITE(KOUT,7905) INPOU385

7905 FORMAT(/3X,82HOECOHI'osING BIACH-UP VIRGIN MATERIALS 22,2i4,26,2" 30 , NP0U386
I CHAR MATERIALS 23,25),27,29,31) I NPOU 387

IT=O INP0U388
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ILO(3)=l I NP0U389
ILO(4)=1 INPOU390
KT~l INPOU391

350 IT=IT+l I NP0U392
C---------------READ MAILFRIAL PROPERTY TABLES
C NC =FLAG TO MARK END OF MATERIAL TABLE
C TT2 TEMPERATURE
C TCP =SPECIFIC IIFAT
C TKP THERMAL CONDUCTIVITY
C TEP EMISSIVITY 01' FRONT FACE
C TEPBF = EMISSIVITY OF BACK FACE
C

READ (iNPUT,571) NC,112(IT,KT),TCP(IT,KT),TKP(IT,KT),TEP(IT,KT),
1 TEPBF(IT,KT)
IF (NC.EQ.O) GO TO 350
IHI(KT4-2) IL OCKT*+?) + l-1
IR(KT+2)=ILO(KT+2) I NPOU396
THZ( 1,KT)-O, I NP0U397

C---------------COMPUTE ENIHALPY
00 357 1=2,IT I NPOU398

357 THZ(I.KT)=THZ(I-1,KT)+(TCP(I,KT)+TCP(I-1,KT))/2.*(TT2(I,KT)-TT2(I-INPOUJ399
11 ,KT)) I NPOUL400
CALL LOOK (KT+2,T?,TI?(1,KT)LTHZ(1,KT),O,O,O,HSH,OUM,l) INPOUI401

C---------------REFERENCE5 ZERO ENTHALPY AT DATUM TEMPERATURE, TZ
DO 359 1=1,11 I NPOU402

359 THZ( I,KT)=THZ( I,KT )-HSti I NPOU40O3
CALL LCOUNT(6+IT.L;I ,NPG)

C---------------ECHO MATERIAL. PROPERTY INPUT
WRITE(KOUT,526)KT,RIIlO(KT),(TT2(I,KT),TCP(I,KT),TKP(I,KT),THZ(I,KT)INPOUL405

526 FORMAT (/6Xl2HMA IE RI Al NO. 12,3OX9IIDENS ITY =F8. 3, lX8HLB/CU FT/ U'4POU 79
1 7X1IHTEMPIHIIATLJRE5Xl3HSP[CIFIC HEAT5Xl2HCONDUCTIVITY5X8HSENINPOU 80
2SIBLE~4X5HEMISS,5X,5HIiMISS /58X,8IIENTHALPY,LIX,5HFRONT,5X,L.HBACK/
3 9X,7H(DEG R),7X,1?1I(BITU/LB-DEG),t4X,16H(BTU/FT-SEC-DEG),
4 3X,8H(BTU/LB)/
5 (8XF8.2,BXF 1.14,9XFIO.7,IXF9.2,14XF7.14,4X,F7.4))
KT=KT+ 1 I NPOU407
IT=O I NPOU408
IF (NC.GE.O) GO 10 353
IF (KT.LE.2) GO 10 3'(I
IF (NDBU.EQ.O) GO I0 4110
I1=

C
C---------------PROCESS I)LCOMPOSING BACKUP MATERIALS
C

DO 720 K=1.NDBU INPOU41l3
I T=O INPOUI41I4

712 IT=IT+l INPOU4I15
READ(INPUT,571) NC,IP'.(IT,I),TCBU(IT,I),TKBU(IT,I) INPOU416
IF(NC) 713,712,113 INPOU'417

713 IHI(1+21)=IT INPOU41l8
ILO( I+21)=1 I NPOU4[19
IR( I+21)=l I NPOU4I20
TENT( 1,1 )=O. INPOUI421
00 714~ J=2,IT I NPOUI,22

714 TENT(J,I)=TENT(J-1,1)+(ICBU(J.I)+FCBU(J-1,1))/2.*(TT5(J,I)-TT5(J-1INPOUL23
111)) I NPOU~424
CALL LOOK(21+1IREI-UKj,TT5(l,I),TENT(1,I),O,O,OHSH,DUM,1) INPOU4i25
DO 715 J=1,IT INPOU1426

715 TENT(J,I)=TENI(J,I)-IiISH INPOU427
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IF(2*K-I) 717,716,111 INPOU428
716 RRR=RHOC(Ki I NPCU429

GO TO 718 I NPOU430
717 RRR=RHOV(K) INP' 431
718 CALL LCOUNT(6+IT,LCI,NPC)

L=1+21 I ' 1P0U433
WRITE(KOUT,5260) L,RRR,(TT5(J,I),TCOtJ(J,I),TKBU(J,I),TENT(J,I), INP0U434

1J=1,IT) I;**sJU435I5260OFORt4AT(/6Xl2HMAlERIAL NO.12,3OX9HDENSITY =F8.3,lX8HLB/CU FT/ INPOU 8

36H(BTU/FT-SEC-DEG) 3XBH(BTU/LB)/ IPU8
4 (8XF8.2,8XF7.4,9XF1O.7,7XF9.2 ))INPOU 88
1=1+1 INP0U436
I T=O I NPOU.. 37
IF (NC.GE.O) GO TO 353I IF (2*K-I.EQ.O) GO T0 712

720 CONTINUE I NPOU440
C
4110 IN=O INPOU4I41

L=O I NP0U442I C--------------F-FUNCTION TABLE LEAD LINE
411 READ(INPUT,561) KT.I.LMB,RHO(KT),(KMTL(I),I=1,6)
561 FORMAT(12,11,F7.4,611)

IF(RHO(KT)) 3550,355U,355 ~NPOU444
3550 LL=l .1NP0U445

L.L+ 1 I NPOU4i46I JBU=O 10INP0OU447

IN=1 I NPOU450
LL =2 INPOU451

3559 DO 3554 I=LL,6 INPOU4&52
IF (KMTL(I).LE.O) GO TO 3554
JBU=JBU+1
KSV(JBU)=KMTL( I) I NPOU455I J=KMTL( I) INP0U456
NBUFT(J)=L INPOU457

3554 CONTINUE I NP0U458
IF(JBU.LE.O) GO TO 3540I ~CALL ORDER I(JBU,KSV)

3540 IX=O INPOU461
3551 IX=IX+l INP0U462
C---------------F-FUNCTION TABLE

READ(INPUT,497) NC,TX(IX,L),F1(IX,L),j2(IX,L) INPOU463
49 IFORA(NC.EQ 10.) GOO TO455

497 FRT(N 2,3F105) GOO TO405

IF (L.LE.1) WRITL(6,I495)
495 FORM4AT(// 7X,67IHrABL.f S OF OPTION~AL MASS-FRAC11ION FUNCTIONS FOR THERINPOU479

iMAL CONDUCTIVITY/25X,23fiK =F'(X)*KP + F2(X)*KC) INPOU480
WRITE(KOUT,496) LI496 FORMAT(/23X,21HF-fUNCI ION TABLE NO. 1,I112H ASSIGNED TO) INPOU481

4971 FORt4AT(34X,13IIMAIN MAIFRIALý INP0U482
IF (JBU.GT.O) WRITE(6,4981)(KSV(I),I=1,JBU)I4981 FORMAT(28X,24HOLCOMPOSING R9ACK-UP NO. .11) INP0U483
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WRITE(KOUT,1194) (TX(I 1) ,Fl( I, ) ,F2(I,L),I=1,IX)
1494 FORMAT(/25X,lHX,12X,51,IIr(X),IOX,5HF2(X)//( 13X,3(5X,FIO.14))) INP0U1478

IN=O INP0U477
IF (NC) 411,411,353 I NP0U484

355 IT=IT+l INP0U485
C---------------READ BACKUP MATERIAL PROPERTIES

READ (INPUT,571) NC,112(IT,KT),TCP(IT,KT),TKP(IT,KT) ,TE.P(ITKT),
1 TEPBF(IT,KT)
IF(LEMB.EQ.O) TEPBF(IT,KT) =TEP(IT,KT)
IF (NC.EQ.O) GO TO 355
ILO(KT+2)=l
IHI (KT+2)=ILO(KT+2)+I 1-1 INPOU489
IR(KT+2)=ILO(KT+2) INPOU490
CALL LCOUNT(5+IT.LCT,NPG)

C---------------ECHO BACKUP MATERIAL PROPERTIES
WRITE (KOUT,527) KT,RHIO(KT)L(TT2(I,KT),TCP(I,KT),TKP(I,KT),
1 TEP(I ,KT), TEPBF(I KT(), I = 1,IT)

527 FORMAT(/6X12HMATERIAL NO. 12,3OX9HDENSITY =F8.3,lX8HLB/CU FT/ INPOU 89
1 7XllHTEMPERATURE5Xl3HSPECIFIC HEAT5X,7HCONDUCT,5X,
2 5HEMISS,5X,5HEMISS/9X,7H(DEG R),
3 7Xl2H(BTU/LB-DE.G)'4x16H(BTU/FT-SEC-DEG),1X,5HFRONT,2X,4HBACK/
4 (8XF8.2,8XF7.14,9XFIO.7,4X.F7.4,L&X,F7.14))
I T=O I NPOUL493
IF (NC.LE.O) GO TO 411

C---------------PYROLYSIS GAS ENTHALPY 1NP0U495
353 NT1O0
361 IN-1+NTI I NP0U497

NT1=8+NTI INPOU498
READ ( INPUT,575)NC,(1T1( ILI=INNTI),(THG(I),I=IN,NTI) INPOU'I99

575 FORMAT( I1,F9.5,7Fl0.5/8F10.5) INPOU126
IF(NC)361 ,361 ,362 I NPOU500

3614 NT1=NT1-1 INPOU501
362 IF (TT1(NT1).LE.O.O) GO TO 364

LO-(2)=l
iR(2)=l INPOU504
IHI (2)-NT1 INPOU505
CALL LCOUNT(3*((NTI+9)/9),LCT,NPG)

C---------------DISPLAY RI SIN DECOMPOSITION TABLE
WRITE (KOUT,532)

532 FORMAT (//20XL4 If--- RESIN DECOMPOSITION GAS SENSIBLE ENTHALPY--- )INPOU 94
IFN=O I NPOU508

368 IN=IFN+1 I NPOU509
IFN=MINO(NT1, IFN4S) INPOU510
WRITE (KOUT,531)(1T1I( ),I-.IN,IFN )INPOU511I

531 FORMAT (11- /6X19HTLzMPtRAIURE (D[.G R)5Fll.2) INPOU 93
WRITE (KOUT,533)(THG( I), I=IN,IfN) INPOU512

533 FORMAT (6X19HENTIIAL PY (BTU/LB)5Fll,?) INPOU 95
IF (NTI.GT.IFN) GO 10 368

C
C---------------FUNCTIONS OF TIME I NPOU514
C

NTH=O
IS=O INPOU516
NOPT=O INPOU517
CALL LCOUNT(-3,LCT,Nl'(G)
WRITE(6,545)

545 FORMAT(26X, 4611--INPIJI TIME DEPENDENT BOUNDARY CONDITIONS-- )
C---------------READ SIJRFACA BOUNDARY CONDITIONS
C RADUS = NOSE RADIUS USED TO MODIFY CONy. AND RAD. HEAT TRANSFER
C BY (kN)-**-(.5
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C QFC = CONVECTIVE HEAT TRANSFER FACTOR
C QFR = RADIATIVE HEAT TRANSFER FACTOR
C QFF = FREE MOLECULAR FLOW HEAT TRANSFER FACTOR
C QFP = SURFACE PRESSURE FACTOR
C IEROS = IF NOT ZERO, USES LUNDELL & DICKEY EROSION MODEL
C IBPRD = NOT USED
C ISR = IF NOT ZERO, NO SURFACE RECESSION ALLOWED, BUT BLOWING AND
C ENERGY LOSS TERMS INCLUDED
C ICOND = NUMBER OF GAS CONDUCTIVITY TABLES FOR GAPS
C IBUG = DEBUG OUTPUT SWITCH ( 0 = NO DEBUG OUTPUT)
C TBUG = TIME IN WHICH THE DEBUG OUTPUT STARTS

I C READ(5,540) RAOUS,QfCQFR,QFF,QFP,IEROS,IBPRD,ISR,ICOND,IBUG,TBUG
540 FORMAT( 5F10.0,512, F lO.0)

WRITE(6,541) RADUS, QIC, QFR, QFF,QFP
5141 FORMAT( 26H -- INPUT TIME TABLES --- /

2 18H NOSE RADIUS(IN) = , F10.14 , 5X,15HQCOND FACTOR = , FlO.o4 /
2 18H QRAD FACTOR = , F1O.4 , 5X,15HQFMF FACTOR = , F1O.4 /
3 18H PRESS FACTOR = I F10.14

C------------CONVERSION FOR RADIUSFACT1 = SQRT(RADUS/12.0)

WRITE(6,542)
542 FORMAT(

C 41H TIME VIL ALT HT PT
1 38H QRAD QCOND QFMF BP
2 41H SEC FPS KFT BTU/LB ATM
3 38H ------ BTU/LB/FT**2 ......- )371 NTH=NTH+ 1 INPOU518

_C ---------- SURFACE BOUNDARY CONDITIONS TIME-TABLE
C NC = FLAG TO INDICATE LAST LINE OF TIME fABLE

_ C TTH = TIME
C THE OPTION 1: RECOVERY ENTHALPY
C 2: SURFACE TEMPERATURE
C 3: RADIATION VIEW FACTOR
C XQRAD = OPTION 1: RADIANT ENERGY FLUX TO SURFACE SC 2: SURFACE RECESSION RATE
C 3: RADIANT ENERGY FLUX TO SURFACE
C XQCO = OPTION 1: CONVECTIVE ENERGY FLUX TO COLD SURFACE
C 2: < 0.0 INVOKES OPTION 2
C 3: n .0 INVOKES OPTION 3
C XQFM = OPTION 1: tRIF MOLECULAR ENERGY FLUX TO SURFACE
C 2: BLANK
C 3: BLANK
C TPI = OPTION 1: SURFACE PRESSURE
C 2: BLANK
C 3: BLANK
C TALT = ALTITUDE
C TVEL = VELOCITY
C TBRP BLOWING REDUCIION PARAMEIER IF TIME DEPENDENT.i C BLANKS WILL. BF FILLED BY CONSTANT VALUES FROM ABOVE
C OR BY PUTZ AND BARTLETTE CORRELATION.
C

READ(5,577) NC,TTIIN(NII),THE(NTH),XQRADXQGO,XQFM,TPI(NTH),
1 TALT(NTII),IVfL(NTH).IBRP(NTH)

577 FORMAT(I1,F9.2,FIO.1,3F10.2,F10.5,F6.1,F7.1,F7.2
WRITE(6,5143) Tfli(NIII).TVEL(NTII),TALT(NTH),THE(NTH),TPI(NTH),
I XQRAD,XQCOXQFM,IIIRP(NTlH)

5143 FORMAT(1X,F7.1,Fi.0,0 8.2,FII.1,F10.5,F9.1,F8.1,F8.,1F6.1)
C- ---------- ADJUST TIME TABLE VALUES USING FACTORS

TPI(NTH) = TPI(NIII)QIfP
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XQFM = XQFM*QFF
TQR(NTH) =XQRADtIFACT1*QFR
TALT(NTH) = TALT(NTli)*1000.O
TCM(NTH) = XQCO*QF'C/FACTI
IF(XQFM.LE.O.O) GO 10 190
IF (XQFM/XQCO.GT.10.0) GO TO 190

C---------------BRIDGING FREE MOLECULAR TO CONTINUUMCONVECTION
TCM(NTH) =TCM(N1iI)W(1.O - EXP(-XQFM/TCM(NTH)))

190 IF(THE(NTH) .NE.O.O) IC;M(NTK)=TCM(NTH)/THE(NTH)
IF (TBRP(NTH).EQ.0.O) TBRP(NTH) =BRP

C 11 = PROBLEM OPTION SELECTION BASED ON TIME-TABLE INPUT)
I1=1
IF(TCM(NTH).GT.O0.) GO TO 343
I1I=2
IF (THE(NTH).EQ.O.O) 11=3

343 IOPT(NTH)=II
IF (II.EQ.IS) GO 10 3146
NOPT=NOPT+l
IS=I I I NPOU53 1

C
C (1/16/87) TIME-TABLE IENGTH CHANGED TO 120
C

IF(NTH.LE.120) GO TO 346
WR ITE(6,544)

544 FORMAT( 35H ---- TOO MANY TIME TABLE POINTS----
STOP

346 IF(NC.LE.O) GO TO 3/1
ILO( 1)=1
IHI (1 )=NTH I NP0U,534
IR(1)=ILO(1) I NPOU535
CALL LCOUNT(-4,LCT,NPG)
WRITE (KOUT,534) I NP0U537

534 FORMAT (1H //23X40H--- TIME DEPENDENT BOUNDARY CONDITIONS --- /~)H INPOU 96
IS=O I NP00538
DO 3476 I=1,NTH I NPOU539
I I=IOPT( I) I NPOU540
IF (II.EQ. IS) GO TO 3N9
1S Il
GO TO (3471,3472,3473),Il I NP0U543

3471 WRITE(KOUT,535) I NP0U544
535 FORMAT (9X,4HTIME,8X,1IHtPROB,3X,8HiRECOVERY,3X,9HRAr)IATION,4X,4HHEATINPOU 97

15X,BHPRESSURE 3X, 711111 OW ING/9X, 5H (SEC) ,7X,4HOPTN, 3X, BHENTHALPY, 3X, INPOU 98
29HHEAT RATE,4X,5HCOLI , 14X,9HREDUCT ION/28X,8H(BTU/LB),2X, I1H(BTU/S INPOU 99
AQ FT-,1X,I0H(LB/SQ F 1-,3X,5H(ATM),3X,9HPARAt4ETER /40X,7HSECOND), INPOUDOO
44X,7HSECOND}) INPOU101
GO TO 31474 I NP0U545

3472 WRITE(KOUT,552) I NP0U546
552 FORMAT (9X, 4HT IME 8X, 4 1PROB, 3X,7IHSURF ACE 4X, 7HSURFACE /9X 5H (SEC), INPOU1O8

17X,4HOPTN,5X,4HTLMP'.5X,9HRF.CESSION/28X.7H(DCEG R) .6X.4HRATE/38X, INPOU109
210H(MILS/SEC)) I NPOU1 10
GO TO 3475 I NPOU54 7

3473 WRITE(KOUT.556) I NPOU548
556 FORMAT (9X,4HT11'IF,8X,4itiPROB,5X.4FIVIEW,5X.9HRAOIATION/9X,5H(SEC), INPOU116

17X,4HOPTN,4X,6HFACTORIlX.9HHEAT RATE/38X,IIH(OTU/SQ FT-/40X, INPOU117
27HSECOND)) I NPOU1 18
GO TO 3475 I NPOU549

349 GO TO (3474,3475,341~5).I1 INPOUJ550
C---------------DtSPIAY CONVERTED TIME-TABLE VALUES
3474 WRITE(KOUT.536) li!H(i),1I,THE(ILITQR(I),TC?4(I),TPI(i),TBRPfl) INPOU551

GO TO 3476 I NP0U552
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3475 WRITE(KOUT,536) TTHIlIII,THE(I),TQR(I) INPOU553
C.34i76 CONTINUE INPOU554

C END TIME-TABLE PROCESSING
C
C ---------- CONDUCTIVITY TABLES FOR GAPS (UP TO FOUR)
C NNGC1,GC2,NGC3,NGCti. = NUMBER OF TABULAR VALUES
C TCONI = TEMPERATURE VALUES OF ITtl TABLE
C CONDI = CONDUCTIVITY VALUES OF ITH TABLE CORRESPONDING TO TCONI
C

IF (ICOND.EQ.0) GO TO 120
IF (ICOND.GT.L) GO 10 120

READ (5,587) NGC1
READ (5,586) (TCONI(I),COND1(I),I=1,NGC1)
J=1
WRITE(6,589) J,(TCONItI),COND1(I),I=I,NGC1)
IF (ICOND,EQ.1) GO 10 120READ (5,587) NGC2

READ (5,588) (TCON2(I),COND2(I),I=1,NGC2)
J=?
WRITE(6,589) J,(ICO(';4(1),COND2(I),I=1,NGC2)
IF (ICOND.EQ,2) GO 10 120

READ (5,587) NGC3
READ (5,588) (TCON3(I),COND3(I),I=1,NGC3)
J=3WRITE(6,5891 j,(TCON3(1),CONO3(II,I=l,NGC31IF (ICOND.EQ.3) GO 10 120

READ (5,587) NGC(4
READ (5,588) (TCON4(I),COND4(I),I=1,NGC4)
J=t4I =
WRITE(6,589) J,IIC)N4|(I),CONOD4(Il,I:I,NGCt4)

120 CONTINUE
C

IF (BRP.LT.O.O) WRITE (6,539)
539 FORMAT(1H /9X,L3HCH/CHO FROM PUTZ AND BARTLETTE CORRELATION

IF (BRP.GE.O.0) WRIUT(6,537)
537 FORMAT (1H /9X,69HC11/CIIO = PHI/(EXP(PHI)-I.) WHERE PHI = 2.*BRP*M INPOU103

1DOT/CHO. BRP IN IABlf) INPOU1O04
IF(IEROS.NE.O) WRIII(6,583)

583 FORMAT(50H LUNt}LII& DICKEY MLCHANICAL EROSION CORRELATION
IF(ISR.NE.O) WRITE(6,')8R )

584 FORMAT(50H ZERO SURF ACE RECESSION OPTION IN EFFECT
CALL LCOUNT(-1,LCNI'(;)
IF (NC.GT.1) GO TO fll

DO 3731 I=1,NTI4
3731 1PI(I)=ALOG(AMAXI(1IPI(I),.O000U1)) INPOU557C

C SURFACE CHEMISTRY OAIA LEAD LINt

C ---------- READ DATA FOR SURFACE EQUILIBRIUM TABLE INPOU560

C CMHS = CM/CH RATIO
C VFZ = OPTION I VIFW fACTOR
C BREX = EXPONENT USI) 10 ADJUST INPUT CONVECTIVE TRANSFER
C COEFFICIEN (IHIJCi) FOR RADIUS CHANGE DUE TO A8If.TTVESC NR = ONE PUNCH CArtS FOR RADIUS RATIO CORRECTION PER ABOVE
C NST = BLANK

N13NBPF = FLAG TO READ It PRIMEF IN "NEW FORMAT" SURFACE CHIEM. TABLE
C NFIS = FLAG TO INVOkI "FISSURE MODEL"
C SWELL = CHAR SWEILS IPROPORTIONAI. TO CONSTANT K IN FOLLOWING
IC SWELL - I(ORIG SURF - SWELL)
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C
READ(INPUT,5796) CMIIS,VFZ,BREX,NR,NST,NBPF,NFIS,SWELL INPOU561

5796 FORMAT(2FIO.O,F9.O,I1,3(9X,11),FIO.O) INPOU141
NFIS=NFIS+1 INPOU562
IFINST.GT.O) GO TO 2901

CMH = CMHS
GO TO 2902 INPOU565

2901 IF (KNST.NE.777) GO TO 2909
IF (CMH.NE.CMHS) GO TO 2907
WRITE(KOUT,2906)

2906 FORMAT(//1OX5OHSURFACE TABLES ARE THE SAME AS IN PREVIOUS PROBLEM)INPOU570
CALL LCOUNT(3,LCT,NPG)
GO TO 2912 INPOU571

2907 WRITE(KOUT,2908) INPOU572
2908 FORMAT(//10X,72HPREVIOUS SURFACE TABLES CALLED FOR BUT CM/CH RATIOINPOU573

1 HAS CHANGED, QUIT JOB//) INPOU574
STOP INPOU575

2909 WRITE(KOUT,2910) INPOU576
2910 FORMAT(//IOX,7OHPREVIOtJS SURFACE TABLES CALLED FOR BUT THIS IS FIRINPOU577

1ST PROBLEM, QUIT JOB//) INPOU578
STOP INPOU579

2902 KNST=777 INPOU580
2912 IF (NR.GT.O) NR=I

IF (NST.LE.O) GO T0 3285
IF (NSEN) 2813,2861,2813

C
C WLS = SAVED TEST VALUE OF WLQ
C IP,IPN=PRESSURE INDEX
C I,INJ=UTILITY INDEX
C NSEN=NUMBER OF ENTRIES IN CURRENT EDGE TABLE
C

3285 WLS = -1
NSEN=-1 INPOU590
IP=1 INPOU591
IPN=1 INPOU592
1=1 INPOU593
IN=I INPOU594

C
C PROCCSS SURFACE THERMOCHEMISTRY TABLES
C

J=0 INPOU595
2800 J=J+t INPOU596

IF (NBPF.NE.O) GO 0 ?8001
C ---------- READ SIANOARO SURFACE THERMOCHEMISTRY TABLES
C USE EDGE TABLES WHIN CM/CH.NE.1.0
C EDGE ENTIIAiPY TABLE SURFACE THERMOCHEMISTRY
C PSV = PRESSURE I PRESSURE
C OMS = - PRIME GAS
C TLMC = --- B PRIME CHAR
C TTS = TEMPERATUHE I SURFACE TEMPERATURE
C WLQ = UNEQUAL DIFiUSION EXPONENT I UNEQU. DIFF. EXP.
C TCHEM= SUMMATION OF /lIIHIeTW I SUMMATION OF ZIW*HIOOTW
C TSEN = ENTHALPY OF EtGl GASES I ENTHALPY OF WALL GASES
C JNG = FLAG I FLAG
C TSURF= UNUSED AL PHANUMLRIC SURFACE SPECIES NAME
C
C I PYROLYSIS GAS RAI(
C J = CHAR RATE
C K = PRESSURE
C
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RI-AD(INCH,5791) PSV,IIMS.,TLMC(J,IIP),TTS(J,I,IP),WLQ,TCI-IM(J,I,IP)It4POU598
1 ,TSEN(J) ,JNG,TSUHI (.) INPOU599

5791 fORMAT (3F8.5,F9.41&,f.3,2F79.3,I?,A6) INPOU130
TBPF(J, I,*IP)=0. INPOU600
GO TO 28002 INPOU601

C-------------- READ "NEW FORMAT" URIACE THERMOCHEMISTRY TABLES
C TBPF = B BRIME FAIL
28001 READ(INCH,5788)PSV,I)MS,TLMC(J,I,IP),TTS(J,I,IP),WLQ,TCHEM(J,I,IP) INPOU60?

1,TSEN(J),JNG,TSURF(J),TBPF(J,I,IP) INPOU603
5788 FORMAT(3F8.5,F9.i.,F',.3,2F9.3, I2,2X,AI,J4X,EIO.3) INPOU605

28002 IF (JNG.LE.O) ISURIIJ) =BLANK
IF(TTS(J,I,IPfl 2803,?832,2801 INPOU609

C C-------------- CONVERT TO DEGREES FAHRENHEIT
2801 TTS(J,I,IP)=TTS(JI IP)*1.8 INPOU610

TCHEM(J,I,IP)=TCIIEM(,J,I,IP)-1.8 INPOU6I11
TSENCJ)=TSEN(J)*1 .8 I NPOU612

GO TO 2805 I NPOU6 13
2803 TTS(J,IIP)=-TTS(,J,I.IP) INPOU61'4
2805 IF (WLS.LT.0O.) GO 10 28019

IX=4
IF(WLS-WLQ) 2824,2811,2824~ I NPOU617

2809 WLS=WLQ INPOU618
2811 IF (NSEN.GE.O) GO TO 2828

IF (JNG.LT.O) GO TO 2800
C ( NSErN = NUMBER OF LNIRIES It! CHEMISTRY TABLES

NSEN=J- 1
ISEN(IP)=NSEN GOP TO2

D206L=1,NSIN
TTSEN,'LIP)=TTS(t,1*IP) iNPOU625ITZSEN(L ,IP)=ICHfM(I IIP) INP0U626

2806 THSEN(L ,IP)=TSEN(o ) I NPOU627
CALL SLOPQ(NSEN,TTSI N( 1,IP),THiSFN(1,IP).TCPSEN(1,IPfl IPNPOU628
CALL SLOPQ(NSLNjf1SIN(1.IP),TZSLN(1.IP),IC1SEN(1,IPfl INPOU629
I.LL=(NSEN-1 )/3+1 I NPOU630I IF (IP.NE.1) GO TO 28137

2813 CALL LCOUNT(11+2-NH,ICT.NP;-)~
WRITE (KOUT,538) INMPOUJ633
WRITE (KOU7,5791) CMiIWL.Q,VfZ I NPOU634JI5197 FORMAT (i/6XLa511RATI 10 O MASS 10 HEAT 'TRANSFER CO)EFFICIENTS, =,F6.3/INPOUI1j2
I 6X,?8HUNEQUAL DIFtUSION EXPONINI =,F6.3/6X,?9H4OMIkA.L SURFACE ViEINPOU1Ii3
2W FACTOR =,F6.3. 1111 (OPTION 1)) INPOU1J4L
IF (NFIS.EQ.1) GO TO 1281130
WRITE (KOUT,28132)
GO TO 28133 INP0U639

28130 WRITE(KOUT,28612) INPU4
28133 CONTINUE IPU64

1I (NRA.LE.0) GO 10 -'iIM18I WRITE (KOUT,5799) Bw 4X
5799 FORMAT (6X.66MIll AT TRANSFER COI FI ICIENT MULT IPL IED BY (R INI TIALI.RINPOU14 t

I CURRENT) ONX./B3X. inmWiiRE [X ,F8.5)
GO 70 2815 I NPOU61II4I ?818 WHITE (KOIJT,5190) I NPOU645S

2E%5 IF (SWILL.N(.0.0) GO) 10 28134~
WH ITE(KOUT ,28130)
GO TO 28137 I NPOU649

C
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28 134 WRIITE (KOUT, 28138) ',Wt II INPOU650
28137 IF (NST.GT.0) GO to /II

CAILL LCOUNT (L LL +6, 1( , NPG)
WRIATE(I(OUT,5792)PSV I NPOU654i

5792 FORMAT(//6X,3HP ".,19.11,1411 ATM//6X.3(25HTEMPERATURE EDGE ENIN )/INPOU131
16X.3(25H (DEG R) AT I-WALL )I NPOU1 32
DO 2819 LL=1,LIL I NP0U655

2819 WkITE(KOUT,5798) (11SF N(L, IP) ,IFISLN(L, IP) ,L=LL ,NSEN,LL,.) INP0U656
5798 FORMAT (6X,V9.2.L4X,F9.2,3X,F9.2,14X,F9. INPOU1J45

12,3X,F9.2,LaX,F9.2) INPOU14.6
GO TO 2862 INP0U657

C
2820 NSENz:O INPU5

I X=3 INP0U659
IF (CMH.NE.1.O) GO 10) ?824
I X=2
IF (WLQ.EQ.O.O) GO T0 2826

2824~ WRITE (KOUT,5793) IX
5793 FORMAT (//6X.37HBAD SURFACE EQUILIBRIUM TABLE OiF TYPE,12) INPOU133

S TOP INPOU664.
C
2826 IF(IP-1) 2862,2861,286? I NP0U665
2828 IF (TTS(J.I,iP).fQ.0.n) GO TO 2832

IF (PSV.NE.TPR(IP)) 60O 10 2832
IF(DMS-TMG(I,IP)) 2834,2800,2834

2832 IPN=IP4'1 I NPOU669
NN,( IP)=l I NPOU670
NGS = I
I N=O I NPOU6 11
NSEN=-NSEN I NPOU6 12

28314 IN=IN+1 INP0U673
NH1(1,1P ) J- 1 I NPOU6714
NMCmJ- 1 I NPOU675
CALL ORDERD(NMC,TIMC(i1,1,P),IZ) INPGU676
IF (NBPF.LE.0) GO fO 385~2
CALL SEQUA5(NMC.IZ,iIS(1,I,IP),TCII(H(1I,.IP).TSCN(1),TSURF(l),TBPFINPOU678
1(1,1, iP) ) I NP0U679
GO TO 14853 IPU8

C
385? CONTINUE I NPOU68 1

CALL SEQUA(N4C. It, I1'N( 1 .1 ,IP) .1lCIICH( I, IIP) *TSEN( 1) ,TSUAF( 1)) INPOU682
14b53 CONTINUE I NP0U683

I x~O I NPOU684J
Ir,=1 I NPOU685
flpG~ymG( IIP) INPOU68I5

NLO(IP~ul NP0U687

b(KI( .IP)1i NP0U688
C
c F IRST STEP Of CAI CUL AtING QCH M/II(L'Cli:
C TC14EM (8'G'I4G * I1'CA&IC - 8CsIiW) -(ZIE -ZIW)HI4G*W

C
D0 2852 x~tNNC I NPOUJ689
(If`OPG+Tt-C(K, I .11) C NPOU69O
11 (NV IS.[Q. 1) GO TO .'83110

GO TO 2834? IMPOU69
283140 CONTINUE I NP0U6914

CAML LOO(.TI,,;1T1Tt,.,HAC' INPOU695
IiGAmF4GA+D(L CIC INPOU6946

2834i2 CALL L~4&TSklI)I?12,~Z12,,,.IHC2i
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tiCH=HCH+DHZ I XP0U699
IF~ (NSEN.tiE.O) GO TO ?838m c N"E=TCHEM(K. I,*IP)

C -------- SIMPlIfIf i) SURFACE ENIRGY BALANCE
C USE FOR ZrQTAL DIIIUSION COEfFI'-lENT CASES AND WHEN C14/CH=1.O
C TCHEN = B'G*HG + B'CH1C - BloHw
C

TCHEM(KI ,lP)=8PG*tiGA+TLXC(K,I .IP]*HCH-I3P*TSERtK) INPOU702
GO TO 2840 INPOU703

2638 CALL OGLE(1.TTS!K.I.IP)ft7,ISEf~if),TtSENfl.IP).TZSEN(1.IP),TCLSENI1POU7OJ4
1(1, IP)) INPOU705I 1(1,*i.? ) 114POU707

C--------------- CCMPLFTf SURFACE ENERGY BALANCE
C USE FOR UNEQUAL D!1TUSION COEfliCIENT CASES
rC TCHEM = B'GHG +B!C*tiIC - 3 '*NEW -+ ZIE*HI'T-W - Zl14-*HI**TW

ftc
TCiiEH(K, * IP)=BPC*IiCA4!LMC(K, I TP)*HCH-8IP-TSEN(K).NZ-TCHEM(K, I IP) POUJ708

2840 TSEN(r.)=HE I NPOU709
IF (TSURF(K).NE..ELANk) CO TO 2844
NiLO( I * P)=K+1I IF(IG+IX-1) 2846,2646,2824 I NPOU712

2844 IX=l INPOU713
2846 IF (K.LE.IG) Go To ?'

lF(TS(KI.I).G.1I~t-~I~P))GO 1G02851
IG=NMC
GO TO 2852 INPOU717

2851 KHI(I,IP)=K INP'.U718
2852 CONfINUE INPOU719

LLL=(NMC-I)/2+1 INPOU720
CALL LCOUNT(LLL+6,tLCT ,NPG)I ~ C-------------- DISPLAY CTIFMISTRY TABLES
WRITEKOUT,5795)YIMG,(I,IP),IPR(IP),((TTS(LI,iP),TLtMC(L,I,IP),TCNEMiNPOU722
l(L,I IP),TSEN(L) ý,L4-,NMC-,LLL) ,LL=1,LLL) IN

C
C (1/30/87) BELOW FORMAT CHANGED TO EXPAND CHEM.PROG. COLUMNIS.ICC
5795 FORMAT(//6X,T1iHM-L)OT-G;AS/CM =,fJJ.4,8X,IOHPRESSURE =..FTI.6,4H ATM//

16X,2(5H TEM?,5X,2Iif'-r)OT- CHEM.PROD H WALL ,3X)/5X, INPOIJ138
22(38H1 (DEC R) CHAR/CM (BTU/IB) (BTU/LB),2X),ff5X,F8.2,2X,
3 F7.4,1X,F11.2, IX, fd.1,2X,FB.?ý.IX,F8.24,TX,FTI.2,1X,F8.1))

C
c FINISH QCHEM/RUCH CAlCULATION
C (TCHEM' = CM/CH * WCHEM - 11W)
C

DO 2856 K=1,NMC I NPOU724T

C NAKI[)=~iTGE(,II)TURALK LOIF 'NP0U725
IF BPF.LE.L(,:P) GO TO 2856

C TAKE NATURAL LOG Of BFAI

TBPE (K I, IP) ý.ALO ( AMAX1( TBPF (K,I,IP) ,1.E-12))
2856 CONTINUE I NPOU730

IF(TTS(J, I, IP)) 2862,2870,2862 INPOU741i
C--------------- WRITE OPTIONS
2861 CALL LCOUNT(10+2*NR,LCT,NPC,)

WRITE (KOUT,538) I NPOU74T3
WRITE (KOUT,579L*) Vf/ I NPOU744

5794 FORMAT (I/6X,74HEQUAL MASS AND HEAT TRANSFER COEFFICIENTS AND EQUAINPOU134
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IL DIFFUSION COEFFICI:NIS/6X,29HNOMINAL SURFACE VIEW FACTOR =, INPOU135
2F6.3) INPOU136

IF (NFIS.EQ.1) GO TO 28610
WRITE(KOUT,28132)
GO TO 28613 INPOU747

28610 WRITE(KOUT,28612) INPOU748
28613 IF (NR.LE.O) GO TO 2863

WRITE(KOUT,5799) BREA
GO TO 2715 INPOU753

2863 WRITE (KOUT,5790) INPOU754
2715 IF (SWELL.NE.O.O) GO 10 2734

WRITE(KOUT,28136)
GO TO 2737 iNPOU757

2734 WRITE(KOUT,28138) SWErI. INPOU758
C ---------- OPTION TO RIUSE PREVIOUS CHEMISTRY TABLES

2737 IF (NST.GT.O) GO TO 743
2862 TPR(IPN)=PSV INPOU760

TMG(IN,IPN)=DMS INPOU761
TLMC(1,IN,IPN)=TLMC(JI.I?) INPOU762
TBPF(1,IN,!PN)=TBPF(J,I,IP) INPOU763
TTS (I,IN,IPN)=TTS (JI,IP) INPOU764
TCHEM(I,IN,IPN)=TCHEM(J,|,IP) INPOU765
TSURF(1)=TSURF(J) INPOU766
TSEN(1)=TSEN(J) INPOU767
J=T INPOU768
I=IN INPOU769

C (IP = PRESSURE INDEX
IP=IPN INPOU770

GO TO 2800 INPOU771

C END LOOP TO PROCESS SURFACE CHEMISTRY DATA
C
2870 NPR=IP INPOU772

IR(12)=1 :NPOU773
ILO(12)=i INPOU774
IHI(12)=I INPOU775

CC ---------- TAKE NATURAL LOGARITHMS OF TABLE PRESSURES
DO 2872 I=1,IP INPOU776

2872 TPR(I)=ALOG(TPR(I)) INPOU777
IR(13)=1 INPOU778
IHI(13)=NPR INPOU779
ILO(13)=1 INPOU780

IC 743 CALL DIKI(BA.BB..BC,1S1N TL TH,O,JTBL)

C ----- TO ACTIVATE SPECIAL HUNTER SUBROUTINE MERGER PROCEDURE BY CCC.
C (12-28-87)
C ------ JTBL MUST EQUAL () OR 1 TO READ IN VALUES BELOW -----
C 19014- 9,N OfL~II I QRAD DUE6 TO BLOWING EFFECTC
C 1, -- ~-GR----T-SiUkr. RAD'IN 144. USING AIR ABLATIO; EPPECIEC
C ,OPT 2- 2; CORREGC SURF. HAD 14 HT. '^1 t CARBON. A8LA.'ION SPECIES

C IOPTN 0; NO MERGING U'VOKED. J1BL CAN BE 0 OR 1.
C IOPTN 1; USE A DIKI-TO-TABLES TRANSITION WALL TEMPERATURE;
C TCRIT REQUIRED.
C IOPTN 2; USE THE WAIL. TEMPERATURE AT A SPECIFIED BPRIME;
C BPCRIT REQUIRED.
C IOPTN = 3; MERGE USING SLOPE SEARCH METHOD.
C TCRIT TEMPERATURE TRANSITION CRITERIA.
C BPCRIT = FIND TEMPERAIURE AT B' CRITERIA FOR TRANSITION.
C IMSG = SWITCH TO PRINT MESSAGES;
C = 0; DO NOT PRIN[ MESSAGES;
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C = 1; PRINT 'MERGER' MESSAGES (TIME,ITERATION,MERGE FACTOR);
C = 2; PRINT 'MERGER' MESSAGES & MERGE2 OR MERGE3 MESSAGES.
C MITER = NUMBER OF IlERATIONS BETWEEN UPDATES OF MERGE FACTOR.
C ----- USE BELOW ONLY IF iOPTN > 0
C TADCN = 0.0; USE MODIFIED HUNTER EQN. TO FIND NON-ABLATION TEMP.I C > 0.0; NON-ABLArING MATERIAL BELOW TABCN.
C
C

READ(5,2000)IBLOPT,IOPTN,TCRIT,BPCRIT,IMSG,TABCN,MITER

4-F(BLOPT........ .IT.6,2...)-1F ( ILOPT.GE. 0) WR ITE (6,R036)

IF(IOPTNGE.1.AND.JTBL.GE.0) GO TO 2420
IOPTN=O
WRITE(6,2300)
RETURN

2420 IF(IOPTN.EQ.1) WRITE(6,2100) TCRIT
IF(IOPTN.EQ.2) WRITE(6,2200) BPCRIT
IF(IOPTN.GE.3) WRITE(6,2500)
IF(TABCN.LEO.OO) WRITE(6,2550)
IF(TABCN.GT.O.0) WRITE(6,2650)TABCN
WRITE(6,2600)MITER

C WRITE(6,2700)IMSG

2000 FORMAT(215 2F"O1.t4,15,F1O.4,15)
20410 rRIAT(//, f NO BLOWING EFFECT ON SURFACE RDIATIE HEAT TRANSFER.

2020FORMT(/',' LO'ING EFFECT ON SUIRFACE: RADIATIv, HEAT T-RANSFER1
,..U..... A•. ALATIOI• CECIES.,',l--

2903 FQRrIAT(//,'-64'G SLVN FETO URFACE RADIATIYE HEAT TRAINCFER
1 ,'USING GCA .N A.Ql__A.; S IT

2100 FORMAT(' DIKI-TO-TABLES MERGER TEMPERATURE',
1' OF ',F1O.5,' DEG R SELECTED.',!)

2200 FORMAT(' SEARCH FOR MERGER TEMPERATURE AT BPRIME OF',FIO.5,
1' SELECTED.',/)

2300 FORMAT(' DIKI-TO-TABIL.ES MERGER OPTION NOT EVOKED.',/)
2500 FORMAT(' SEARCH FOR MERGER TEMPERATURE BASED ON MINIMUM',

1' SLOPE DIFFERENTIAL.',/)U 2550 FORMAT(' COMPUTE TEMPERATURE FOR NON-ADLATOR.',/)
2650 FORMAT(' NON-ABLATOR IEMPERArURE OF ',F1O.4,' DEG R SELECTED.',/)

2600 FORMAT(' UPDATE MERGE FACTOR & NON-ABLATOR TEMP. EVERY',15,
I' ITERATIONS.',/)

C2700 FORMAT(' PRINT MESSAGES CODE = ',13,/)SRrTURN
END INPOU791

6I
I
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OSNAME = 'BBE.CCCl.SOURCE.CMA6.PDS(MAIN)' VOL=SER=D8D080
DCB=(RECFM=FB,LRECL=80,BLKSIZE=6160) 01/19/88 019 14:41:17

C MAINLINE DUMMY ROUTINE WHICH DRIVES CBM AND INPOUT SUBROUTINES MAIN I
1 CALL INPOUT MAIN 2

CALL CBM MAIN 3
GO TO 1 MAIN 4
END MAIN 5

C
C BLOCK DATA INITIALIZES COMMON VARIABLES TO ZERO. DIMENSION OF X AND
C Y BELOW MUST BE INCREMENTED BY ABOUT 20 FOR EACH OF THEIR VARIABLES
C WHOSE DIMENSION HAS BEEN INCREASED.
C
C (1/20/87) X,Y RANDOMLY DIMENSIONED TO 40000 TO ACCOMMODATE CHANGE
C TO MULTIPLE SUBSCRIPTED ARRAYS.
C
C (1/29/87) INCqEASE X AND Y TO ACCOMODATE EXPANDING ALL ARRAYS.
C
C

BLOCK DATA
C COMMON X(80000)

COMMON/OTPT/Y(1500)Si•~~.C D.AT• BOOOO~/50OO
S~~~----- ATOSHR ROPERTYSUBROUINE DATA
S~COMMON /ATMOT/ Z(22),TMB(22),R(21), PB(22),01,C2,C3,

S1 C. C8 .Ztý M . RO .GM .GAM .RST .GO .PO jWO .G 01

DATA Z/ 0., 11019., 20063., 32162. 47350., 52429.,
1 61591., 79994., 90000.,100000.,110000.,120000.,150000.,
2 160000.,170000.,190000.,230000.,300000.,400000.,500000.,
3 600000.,700000. /
4 ,TMB/ 288.15, 216.65, 216.65, 228.65, 270.65, 270.65,
5 252.65, 180.65, 180.65, 210;65, 260.65, 360.65, 960.65,
6 1110.65,1210,65,1350.65,1550.65,1830.65,2160.65,2420.65,
7 2590.65,2700.65 /

DATA R / -6.5, 0.0, 1.0, 2.8, 0.0,-2.0,-4.0, 0.0, 3.0, 5.0,
9 10.0,20.U,15.0,10.0, 7.0, 5.0, 4.0, 3.3, 2.6, 1.7, 1.1 /

DATA PB/ 1.O000OE00,2.23361E*01,5.40328E-02,8.56663E-03,
21.09455E-03,5.82289E-04,1.79718F-04,0.O2410E-0S,1.62230E-06,
32.9681nE-O7,7.25820E-O8,2.h8870E-O8,4.99550E-O9,3.64600E-09,
42.75610E-09,1.66320E-09,6.86940E-10,1.85920E-10,3.97770E-11,
51.08140E-11,3.40513E-12,1.17620E-12 /,CB/3.28084514/
6 ,Cl/0.3048/,C2/1.OOE+03/,C3/1 8/,GO1/32.174/,C7/1.0OE-08/
7 ,ZM/9.00E+05/,RO/6.375605E+06/,GM/3.9862216E+14/,GAM/1.4/
S8 ,RST/8.31432/.GO/9.80665/.PO/2.11622E+03/,WO/28.9644/.

I6ND
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OSNAME = 'BBE.CCCl.SOURCE.CMA6.PDS(MERGER)' VOL=SER=D80080
DCB=(RECFM=FB,LRECL=8O,BLKSIZE=616O) 01/13/88 013 14:11:55

SUBROUTINE MERGER( FACTOR,XTEMP)
C CBM 2
C SUBROUTINE TO MERGE HUNTER CARBON OXIDATION MODEL WITH CBM 3
C CMA SURFACE THERMOCHEMISTRY TABLES. CONTINUITY BETWEEN THE CBM 4IIC TWO ABLATION CURVES IS FORCED AT THE INTERFACE TEMPERATURE BY
C APPLYING A MULTIPLIER TO THE HUNTER MASS LOSS PARAMETER.
C THIS IS USED BECAUSE THE MAXIMUM HUNTER MASS LOSS PARAMETER IS
C 0.1741 WHEREAS THE TABLE VALUES THAT WERE CALCULATED BY THE ESTIC CODE HAS A MINIMUM VALUE OF ABOUT 0.1750. (THE OXIDATION VALUES
C IN THE TABLES ARE FROM GE DATA.
C
C INPUT IS XTEMP AND OUTPUT IS FACTOR.
C

COMMON KOUT, IEX,DEN,VR CBM 5
COMMON IHI(76),ILO(76),IR(76),TT2(60,20),TCP(60,20),TKP(60,20),THZCBM 6
1(60,20),TEP(60,20),TTH(120),THE(120),TQR(120),TCM(120),TT1(60) INPOU 4
2,THG(60) ,DH12(4) ,RECORD(108) ,SO(40) ,RHO(20) ,TEPBF(60,20)

COMMON ROAC 1000) .ROB( 1000) ,ROC( 1000) CBM 12
COMMON TPR(20),NMG(20),
C TMG(5,20),NLO(5,20),NHI(5,20),KHI(5,20),
1 TTSEN(30,20) ,THSEN(30,20) ,TCPSEN(30,20) ,TLMC(30,5,20) ,ISEN(20),
2TPI(120), TTS(30,5,20),TCHEM(30,5,2OLVFZ,CMH,TBPF(30,5,20),

2RACM,PET,PETE,RSV,ETA,DTPR3,DTPR2,DTPRT,TPR3,TPR2,THZRO,THFIN,WT,CBM 20
3TMWT,GAMA,OMG,N0,FJFH,FJFS,JF,JFHP,JFH,INPUT, DTHIN,BRP,HCONV,CBM 21
t&EPSW,TRES,INCH,DTHB,NN,NI,NOI,CHCRI,PYCRI,TBRP(120),NR,
5 TX(30,6),F1(30,6),F2(30,6),NCONNBPF,NFIS,BREX,SWELL
COMMON BBB(lO,6),EE(1O,6),FF(1O.6),PSI(10.6),RHOO(1O,6), CBI ~XRHOR( 10,6),
1ROCOM(50,3) ,DHC( 10) ,DHV( 10) ,RHOC( 10) ,RHOV( 10) ,P(10) ,PP( 10),
XTREF( 10),
2GA( 10) ,OMGA( 10) ,NFI1(10) ,NLA( 10) ,TT5(60,20) ,TENT(60,20),

3CBU(30,1O),X(101'L,NDBU,NBM2,TRAC(10,6),NBUFT(10),KNST,IBUG,TBUG,
14 TALT(120),TVEL(120),RRGAP(101),AGAP(101),ICOND,IEROS,ISR,
5 NGC1,NGC2,NGC3,NGCI4,TCON1(101),TCON2(101),TCON3(1O1),TCONLI(101),
6 COND1(101),COND2( 1O1),COND3(101),CONDI4( 101),
7 THCONV(1O1),TEPSW(1O1),TTRES(101),TQ(101),TEPSD(101),IBF,TL,THD,I 8 JTBL,IDRD,RHOCI(201),DTDT(201),RAI,RA2,RA3
COMMON/OTPT/CPE(6),EMO(201),DEP(20,10),CNC(I01),CN(101),Y1(4),
I CNO( 101) TO(20) RO( 101),NISO(20) BR,CH,GS,SA,TB,TT,ASU,CMD,CMT,
2 1ITS,QRP,RAD,RAT( 101) RSU,CMDM,CMMT,DCDT,DEDT,DIDT,DPDT, ITER,KscT,
3 PGPU,PRES,QRPT,RADT,SNET,DECOM,DEDTT,DSDTB,PGPUT.QCHEM,QCOND,I 4 QCONV,QLOSS,SDNET, SUMQE,THPRT,TSAVE,VELFS,DECOMT,
5 PRSATM,QCHEMT,QCONDT,QCONVT,QLOSST,KK,RR(101),DMDG( 101),
6 RON( 101) ROT( 101) DNCP(6) DROT(6) Dl (4I)FA,FB,FC,DTH,DTHC,DSI ,
7 DTA,GSM,COLDGSMS,GSMT,CSM2T,DSDT,POLD,TH,AFTFS,DSDTT,I8 TEMP,BF,L-L,LU,HE,HW

C -------NEW COMMON BLOCKS ADDED BY CCC (12/87) FOR MERGE ROUTINES
COMMON/MERGE/VRM,VRP, 1MG, IPR, 11,13
COMMON/OPTION/TCRIT,BPCRIT,TABCN,iOPTN,IMSG,MITER

C EQUIVALENCE (DH1,DH12(1)).(DH2,DH12(2)),(TS,TA(1))

DIMENSION Y2(148),D2(118)
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C CBM 106
C---------------INTERPOLATE ON VMR, GAS FLOW
C IF(NGS.LE.1) GO TO 200
C CALL LOOK(15.,XTEMP,TTS(1,IMG+1,IPR),TLMCC1,IMG+1,IPR),0,O,O,Y2(2),
C I D2,1)
C CALL LOOK(17,XTEMP,TTS(1,1t4G+1,IPR+1),TLMC(1,IMG+1,IPR+1),O,O,O,
C 1 Y2(14),D2,1)
C BPG=Y2(2)+VRP*(Y2(2)-Y2(4))
C WRITE(6 5OO)IR(13),VRM VRP
C 500 FORMAT(l *** R(13) 15,
C 1 'VRM =',E12.5,f VRP =',El2.5)
C
C IF(NGS.LE.1) GO TO 550
C BP=BP+VRM*(BPG-BP)
C -------LOOK UP BPRIME & INTERPOLATE ON VRP (LN PRESSURE RATIO)

IF(IMSG.GE.3) WRITE(6,100) BPCRIT
100 FORMAT(' **MRG** BPCRIT (INPUT) = t,Fl2.5)

IF(IOPTN.EQ.2) GO TO 550
200 CALL LOOK(14,XTEMP,TTS(1,IMG,IPR),TLMC(1,IMG,IPR),O,0,O,Y2(3),

1 D2,1)
CALL LOOK(16,XTEMP,TTS(1,IMG,IPR+1),TLMC(1,IMG,IPR+1),O,O,O,Y2(5),
1 D2,1)
BPEST=v'2(3)+VRP*(Y2(5)-Y2(3))
BPEST=EXP(BPEST)

550 Y2(1)=XTEMP
CALL DII(I(PRES,BPDIKI,CH,Y2,DUM1,DUM2,-l,JTBL)
BPDIK I=EXP(BPDIKI)
,r(IOPrN.EQ.2) BPEST=BPCRIT
FACTOR=BPEST/BPD1K I

C
IF(11,SG.EQ.2) WRITE(6..600)BPEST,BPDIKI,FACTOR

600 FORMAT(
1I **MRG** BPEST =',F12.5,
I ' PDIKI =',Fl2.5,' FACTOR =',F12,5)

C
IF(IMSG EQ.3) WRITE(6,650)IPR,IMG,Y2(3) Y2(51,BPEST,BPDIKI,FACTOR

650 FORMAT(; **NRG*- ;IPR =',13,14X,' INC =f13, Y2(3) =',E12.5,
1 , Y2(5) =' E12.5,
1 **** BPEST =1,F12.5,' BPDIKI =',Fl2.5,
1 ' FACTOR =',F12.5)

C
RETURN
END CBM 1202
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DSNAME ='BBE .CCC1 .SOURCE .CMA6.PDS(MERGE2)' VOL=SER=D8DO8O
DCB=(RECFM=FB,LRECL=8O,BLKSIZE=6160) 01/25/88 025 10:38:12

SUBROUT INE MERGE2(XTEMP)
BY CBM 2

C BYC.C.C. (12/87)
CIC SUBROUTINE TO MERGE HUNTER CARBON OXIDATION MODEL WITH CBM 3
C CMA SURFACE THERMOCHEMISTRY TABLES. CONTINUITY BETWEEN THE CBM 4
C TWO ABLATION CURVES IS FORCED AT THE INTERFACE TEMPERATURE BY
C APPLYING A MULTIPLIER TO THE HUNTER MASS LOSS PARAMETER.IC SEE MERGER SUBROUTINE.
CTHIS IS USED BECAUSE THE MAXIMUM HUNTER MASS LOSS PARAMETER IS

C 0.1741 WHEREAS THE TABLE VALUES THAT WERE CALCULATED BY THE EST
C CODE HAS A MINIMUM VALUE OF ABOUT 0.1750. (THE OXIDATION VALUES
C IN THE TABLES ARE FROM GE DATA).
CTHE INTERFACE TEMPERATURE IS FOUND FROM THE CHEMISTRY TABLES FOR A
C GIVEN MASS LOSS PARAMETER, BPRIME.
C
C A VALUE OF XTEMP IS COMPUTED FOR A GIVEN BPCRIT (IN COMMON BLOCK).

COMMON KOUT, IEX,DENVR CBM 5

COMMON MATL(1O1),OEL(101),TA(101),H(101),RC(1O1),RA(101),I 1~~~AREA( 101) ,EMA( 101) ,RAV( 101) ,LGAP( 101) ,QGEN( 101) ,GAP( 101)
COMMON ROA( 1000) ,ROB(1000) ,ROC( 1000) CBM 12
COMMON TPR(20),NMG(20),
C TMG(5,20),NLO(5,20),NHI(5,20) ,KHI(5,2O),
1TTSEN(30,20),THSEN(30,20),TCPSEN(30,20),TLMC(30,5,20),ISEN(20),

2 TPI(120), TTS(30,5,20),TCHiEM(30,5,20),VFZ,CMH,TBPF(3o,5,20),
3 NPR,NGS
COMMON LCT,NPG,1II,NBM,NUMN,NL,DELHG,DELM,RFT,RHORA,RHORB,RHORC,TRACBM 18
1 CA, TRACB, TRACC, RHOOA, RHOOB, RHOOC, EA, EB,1C, BA, BB, BC,PS IA, PS IB, PS IC,CBM 19

3TMWTGAMA,OMG,N0,FJFH,FJFS,JF ,JFIIP,JFH, INPUT, DTHIN,BRP,HCONV,CBM 21
4EPWTESNCHDTHNNN1,OIHCR,PYCR I,TBRP( 120) .NR,

5TX(30,6),F1(30,6),F2(30,6) ,NCON,NBPF,NFIS,BREXSWELL
CvMMON BBB(1O,6),EE(1O,6),FF(10,6),PSI(10,6),RHOO(10,6), CBI XRHOR( 10,6),

XTREF (10),
2GA(10) ,OMGA(10) ,NF 1(10) ,NLA( 10) ,TT5(60,20) ,TENT(60,20),
XTKBU(60,20),

3TCBU ( 30, 10) , X( 10 1) NDBU, NBM2, TRAC ( 10, 6) , NBUF T( 10) , KNST , I BUG, TBUG,

7THCONV(101),TEPSW(1O1),TTRES(1O1),TQ(101),TEPSD(101),IBF,TL,THo,

8 JTBL,IDRD,RHOCI(201),DTDT(201),RA1,RA2,RA3
COMMON/OTPT/CPE(6) ,EMO( 20 1),DEP (20 ,10) .CNC( 101) ,CN( 101) ,Y1(4),

1 CNO( 101),TO(20),RO(101),NISO(20),BRCH,GS,SA,TB,TT,ASU,CMD,CMT,
2 ITS,QRP,RAD,RAT( 101) ,RSU,CMDM,CMMr,DCDT,DEDT,DIDT,DPDT, ITER,KSCT,

3 PGPU,PRES,QRPT,RAOT,SNET,DECOM,DEDTT DSDTrB,PGPUT,QCH.EM,QCOND,

7DTA,GSM,COLD ,GSMS ,GSMT,GSM2T ,DSDT ,POLD,TH,AFTFS,DSDTT,

8 TEMP,BF,LL,LU,HE,HW
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C----COMMON BLOCKS CREATED BY CCC (12/87) FOR MERGE ROUTINES
COMMON/MERGE/VRM,VRP, 1MG. IPR,I1,13
COMMON/OPTION/TCRITDBPCRIT,TABCNIOPTN, IMSG,MITER
DIMENSION Y2(148),D2(48)

C
BPCRTL = ALOG(AMAX1(BPCRIT,1.OE-5))

c COM 106
C---------------INTERPOLATE ON VMR, GAS FLOW
C IF(NGS.LE.1) GO TO 200
C 200 CALL LOOK(15,BP,TLMC(1,IMG+1,IPR),TTS(1,IMG+1,IPR),O,O,O,
C 1 Y2(2),D2,1)
C CALL LOOK(17,BP,TLMCC1,IMG+1,IPR+1),TTS(1,ING+1,IPR+1),O,0,0,
C 1 Y2(14),D2,1)
C XTG=Y2(2)+VRP*(Y2Cl4)-Y2(2))
C
C----LOOK UP TEMP. CORRESPONDING TO BPCRITL AT TABLE IPR & IPR+l
200 CALL LOOK(114,BPCRTL,TLMC(1,IMG,IPR),TTS(1,IMG,IPR),O,O,0

I ,Y2(3),D2,1)
CALL LOOK(16,BPCRTL,TLMC(1,IMG,IPR+1'j.TTS(1,IMG,IPR+1),O,O,O
1 ,Y2(5),D2,1)

C -------TRANSITION TEMPERATURE IS INTERPOLATED BETWEEN PRESSURE TABLES
XTEMP=Y2(3)+VRP*(Y2(5)-Y2(3))

C
C IF(NGS.LE.1) GO TO 550
C XTEMP=XTEMP+VRM* (STG-XTEMP)
C WRITE(6 165O)IPRY2(3 1 :Y2(5),XTEMP
C 650 FORMAT( ***IPR =,14, Y2(3) =',El2.5,
C 1 Y2(5) ='E12.5,
C I XTEMP :'E12.5)
C
C IF(TSAVE.GT.XTEMP) RETURN
C

IF(IMSG IGE.2) WRITE(6,100)BPCRIT,XTEMP,ITER
100 FORMATCt **MG2** TRANSITION TEMP. AT BPRIME OF ',F9.5,

V' IS ',Fl0.14,' DEG R - ITER =',15)
RETURN
END CBM 1202
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DSNAME = 'BBE.CCC1.SOURCE.CMA6.PDS(MERGE3)I' VOL=SER=D80080

DCB=(RECFM=FB,LRECL=80,BLKSIZE=6160) 01/25/88 025 10:38:14I SUBROUTINE MERGE3(XTEMP)
C CBM 2
C BY CCC (12/57)
C-,C SUBROUTINE TO MERGE HUNTER CARBON OXIDATION MODEL WITH CBM 3
C CMA SURFACE THERMOCHEMISTRY TABLES. CONTINUITY BETWEEN THE CBM 4

C TWO ABLATION CURVES IS FORCED AT THE INTERFACE TEMPERATURE BY
C APPLYING A MULTIPLIER TO THE HUNTER MASS LOSS PARAMETER.
C SEE MERGER SUBROUTINE.

- C THIS IS USED BECAUSE THE MAXIMUM HUNTER MASS LOSS PARAMETER IS
C 0.1741 WHEREAS THE TABLE VALUES THAT WERE CALCULATED BY THE EST
C CODE HAS A MINIMUM VALUE OF ABOUT 0.1750. (THE OXIDATION VALUES
C IN THE TABLES ARE FROM GE DATA).
C THE INTERFACE TEMPERATURE IS FOUND BY USING A SEARCH PROCEDURE THAT
C COMPARES THE DIFFERENCE IN SLOPES OF THE TABLES AND THE DIKI
C SUBROUTINE. THE LN(BPRIME)'S MUST ALSO BE WITHIN ABS(1.0).
C THE SEARCH STARTS AT THE LOWEST ABLATION TEMPERATURE FROM THE
C TABLES AND MARCHES IN 500 DEG R INCREMENTS. WHEN THE RANGE IS FOUNDI C THE INCREMENT IS REDUCED TO 100 DEG R WITHIN THIS RANGE FOR A REFINED
C SEARCH.
C
C A VALUE OF XTEMP IS OUTPUT FOR A GIVEN BPCRIT.
CI C BP2 = VALUE OF BPRIME FROM DIKI AT (TEMPI - DDT)
C BP2 = VALUE OF BPRIME FROM 011(1 AT (TEMPI + DDT)
C BPDIFF = AVERAGE OF BP1 AND BP2
C BPREST = BPRIME FROM CHEMISTRY TABLES
C DCOTED = DIFFERENCE IN SLOPES BETWEEN TABLES AND DIKI ROUTINEI C DCDTD = SLOPE FROM CURVE COMPUTED IN DIKI ROUTINE
C DCDTL = DIFFERENCE IN SLOPES FROM PRIOR SEARCH ITERATION
C DCDTT = SLOPE FROM CURVE IN TABLES
C DDT = TEMPERATURE STEP SIZE FOR DIKI SLOPE COMPUTATION
C OTI = FIRST TEMPERATURE SEARCH STEP SIZE
C DT2 = SECOND TEMPERATURE SEARCH STEP SIZE
C DTEMP = CURRENT TEMPERATURE STEP SIZE, EITHER DT1 OR DT2
C ICOUNT = SEARCH IIERATION COUNTER
C IFIRST = FLAG TO INDICATE FIRST SEARCH POINT
C LIMIT = MAXIMUM NUMBER OF ITERAIIONSSC TEMPI = CURRENT TEMPERATURE AT WHICH VALUES ARE EVALUATED
C TLAST = TEMPI FROM PRIOR SEARCH ITERATION
C TMAX = MAXIMUM TEMPERATURE IN ABLATION PART OF TABLES
C Y2 = DUMMY ARRAY VARIABLE

I C
C

COMMON KOUT,IEXDEN,VR CBM 5
COMMON IHI(76),ILO(76),IR(76),TT2(60,20),TCP(60,20),IKP(60,20),THZCBM 6
1(60,20),TEP(60,20),TTH(120),THE(120),TQR(120),TCM(IO),TT1(feO) INPOU 4
2,THG(60),DH12(4),RECORD(108),SO(40),RHO(20),TEPBF(60,20)

COMMON MATL(101),DEL(1O1),TA(IOI),H(IOI),RC(101),RA(101),

IAREA(101),EMA(IO1),RAV(101),L1GAP(101),QGEN(101),GAP(101)
COMMON ROA(1000),ROB(1000),ROC(1000) CBM 12
COMMON TPR(20),NMG(20),TMG(5,20),NLO(5,201,NH1(5,20),KHI(5,20),

STTSEN(30,20),THSEN(30,20),TCPSEN(30,20),TLMC(30,5,20),ISEN(20),
2 TPI(120), TTS(30,5,20),TCHEM(30,5,20) VFZ,CN5H,TBPF(30,5,2O),

•- I3 NPR.NGS

COMMON LCT,NPGI INBMNUMNNL,DLLHG,DCLM,RFT,RHORA,RH0RB,RHORCTRACBM 18
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1CA, TRACB, TRACC,RHOOA,RHOOB,RHOOC, EA, ES,EC,BA, BB, BC, PS IA,PS10, PS IC,CBM 19
2TRACM,PET,PETE,RSV,ETA,DTPR3,DTPR2,DTPRT,TPR3,TPR2,THZRO,THF IN,WT,CBM 20
3TMWT,GAMA,OMG,NO,FJFH,FJFS,JF ,JFHP,JFH, INPUT, DTHIN,BRP,HCONV,CBM 21
4EPSW,TRES, INCH,DTHB,NN,NI ,NOI ,CHCRI ,PYCRI ,TBRP( 120) ,NR,
5 TX(30,6),Fl(30,6),F2(30,6),NCON,NBPF,NFIS,BREX,SWELL
COMMON BBB(1O,6),EE(10,6),FF(1O,6LPSI(10,6),RHOO(10,6), CB

XRHOR( 10,6),
1ROCOM(50,3) ,DHC( 10) ,DHV( 10) ,RHOC( 10) ,RHOV( 10) ,P( 10) ,PP( 10),
XTREF( 10),
2GA( 10) ,OI4GA( 10) ,NF 1(10) ,NLA( 10) ,TT5(60,20) ,TENT(60,20),
XTKBU(60,20),
3TCBU(30,10),X(101),NDBU,NBM2,TRAC(10,6),NBUFT(10),KNST,IBUG,TBUG,
4 TALT(120),TVEL(120),RRGAP(1OI),AGAP(1O1),ICOND,IEROS,ISR,
5 NGC1,NGC2,NGC3,NGCL4,TCON1(101LTCON2(101),TCON3(101),TCON4(101),
6 COND1(101),COND2(101),CUND3(101),COND4(101),
7 THCONV(101),TEPSW(101),TTRES(101),TQ(1O1),TEPSD(101),IBF,TL,THD,
8 JTBL,IDRD,RHOCI(201),DTDT(201),RA1,RA2,RA3
COMMON/OTPT/CPE(6),EMO(201),DEP(20,10),CNC(101),CN(101),Y1(4),
1 CNO(101),T0(20),RO(101),NISO(20),BR,CH,GS,SA,TB,TT,ASU,CMD,CMT,
2 ITS,QRP,RAD,RAT( 101),RSU,CMDM.CMMT,DCDT,DEDT,DIDT,DPDT,iTER,KSCT,
3 PGPU,PRES,QRPT,RADT,SNET,DECOM,DEDTT,DSDTB,PCPUT,QCHEM,QCONO,
4 QCONV,QLOSS,SDNET, SUMQE,THPRT,TSAVE,VELFS,DECOMT,
5 PRSATM,QCHEMT,QCONDT,QCONVT,QLOSST,KK,RR(101),DMDG(101),
6 RON(101),ROT(101),DNCP(6),DROT(6),Dl(4),FA,FB,FC,DTH,DTHC,DSI,
7 DTA,GSM,COLD,GSMS,GSMT,GSM2T,DSDTPOLD,TH,AFTFS,DSDTT,
8 TEMP,BF,LL,LU,HE,HW

C -------COMMON BLOCKS ADDED BY CCC FOR MERGE ROUTINES.
COMMON/MERGE/VRM.VRP, 1MG, IPR, 11,13
COMMON/OPTION/TCRIT,BPCRIT,TABCN,IOPTN,IMSG,MITER
DIMENSION Y2(48),D2(J48)

C----INITIAL VALUES AND CONSTANTS
C

DT1 = 500.0
DT2 = 100.0
DTEMP = OTT
DDT =10.0
IFIRST 1
I COUNT =0
L IMIT=16

C
C -------LOCATE LOW & III ILMP. FROM TABLES TO BOUND SEARCH PROCEDURE
C

TEMP 1 =TTS ( Ii I IMG, I PR) +VRP( T IS ( 13, 1 MG. I PR+ 1) -TTS ( I I. IMG, I PR)
TMAX =TTS(NHU(IMG,IPR),IMG,IPH)+VRP-(TTS(NHI(IMG,IPR+1),1IMO,
1 iPR+1)-TTS(NHI(IMG,IPR),IMC,IPR))

c WRITE(6 801)VRP, IPR 1 1, 13,TTS( Ii I 1MG, IPR) TTS( I I ,IMG, IPR+l) TEMPI
C 801 FORMAT(f **MG3** VRP,IPR,ll,13,1TS(1,IMG,IPR),TTS(1, MG, IPR+1),'
C 1',TEMP1 =',/,' ** ', E12.5,3i6,3EI2.5)

GO TO 150
C

100 TLAST =TEMPI1
DCDTL = DCDTED
TEMPI= TEMPI + DIEMP
IF(TEMP1.GT.TMAX) GO TO 1100

C -------COMPUTE SLOPE & LN(BPRIME) fROM TABLES AT TEMP I (AND PRES)
150 ICOUNT=ICOUNT+I

CALL LOOK( 14,TEMPI,TTS( 1,IMG,IPR),TLMC(1,IMG,IPR),0,O,O,Y2(1).
I Y2(2),1)
CALL LOOK( 16,TIKMP1,T'rS(1,IMG,IPR+1),TLMCC1,.IMC.IPR+1),0,0,O.
1 V2(3),Y2(L&),1)
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C WRITF(6 I8O2)IMAX,Y?(1),Y2(3),Y2(?),Y2(14)
C 802 FORMAT(1 **MG3-* IMAX,Y2(l),Y2(3),Y2(2),Y2(4) = ',5El2.5)

BPREST=Y2( 1)+VRP*(Y2(3)-Y2( 1))I ~ ~~~DCDTT=Y2(2)+VRP*(Y2(4)-Y2(2))FRMDISURTNEATMi
CAL D---- COMPU ESLOPE1 ,CHY2DMEI FRMDUM2, SUBROTBL) A TMP
Y2(1) = TEMPI - DOT
CALL DIKI (PRES,BPI,CH-,Y2,DUM1,DUM2,-l,JTBL)

BPDIK I=(BP1+BP2)/2.O
DCDTD = (BP2-BP1)/(2.O*DDT)

C C-------COMPUTE DIFFERENCE BETWEEN DIKI & TABLE LN(BPRIME)'S & SLOPES
BPDIFF=BPREST-BPDIK I
DCDTED =DCDTT - OCOTO
IF(IMSG.GE.3) WRITE(6,8O3)BPRESTBPDIKIDCDTT IDCODT

803 FORMAT( I *MG3-* BPREST,BPDIKI ,DCDTT,DCDTOI 1,/,' ***** 1,5E12.5)
C -------NEXT TEMPERATURE

IF(IFIRST.NE.1) GO TO 200
[FIRST = 0
CO TO 100

C -------COMPARE LAST AND CURRENT DIFFERENCE IN SLOPES
C -------AND TEST FOR DIFFERENCE OF LN(BPRIME)'S LESS THAN 1.0

200 CONTINUE
IF( IMSO.GE.3) WRITE(6,800)TEMPI,TLAST,OCDTED,DCDTL,BPDIFF

800 FORMAT(' **MG3** TEMP1,TLAST,DCDrED,OCOTL,BPDIFF =',5E12.5)IIF(ICOUNT.GE.LIMIT) GO TO 600
IF(BPDIFF.GE.1.O) GO TO 100
IF(DCDTL.LT.O.AND.DCDTED.LT.O) Go To 100
IF(DCDTL.GT.O.AND.OCDTED.GT.O) GO TO 600I ~IF(DCDTL.LE.O.AND.DCDTED.GE.O) GO TO 400O

C -------INTERPOLATE XfEMP OR DO SECOND SEARCH WITH SMALLER DTEMP
400O IF(DTEMP.EQ.0T1) GO TO 500

XTEMP = TEMPI - DCDTED/(DCDTED-DCDTL)*(TEMPI-TLAST)
IF(TSAVE.GT.XTEMP) RETURN
IF( IMSG.GE.2) WRITE(6,1000)XrEMP,ITER

C -------REFINED TEMP. STEP USED WHEN FIRST RANGE IS LOCATED
500 DTEMP =DT2

TEMP 1=TLAST+DrEMPwI GO TO 150
C --- EXIT IF ITERATIONS EXCEEDED OR It OCOTED ALWAYS GREATER THAN ZERO
600 XTEMP = TLAST

WRITE (6 700)XTEMP
700 FORMAT(( **MG3** WARNING ***** MERGE ROUTINE SEARCH PROCEDURE'

I'REACHED ITERATION LIMIT,',/,' **** (XTEMP =',FIO.14,' R).)
WRITE(6 1000)XTEMP,tTFR

1000 FORMAT(( -MG3-0 IRANSITION TEMPERATURE FROM SEARCH ROUTINE IS'
1 , FI0.5,' DEG R - iTER -',15
STOP1 1100 WRITE(6,1200)TMAX
WRI TE(6, 1200)TMAX
WRI TE(6 I 1200)TMAX

1200 FORMAT( -MG3- IAST TEMPERATURE ENTRY OF TABLE REACHED, NO '
I'MERGE POINT FOUND. TMAX - '.t.12.5)

UEN ~Pcam 1202
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0SNAME = 'BBE.CCC1.SOURCE.CMA6.PDS(OUTPT2)' VOL=SER=08D080
DCB=(RECFM=FB,LRECL=80,BLKSIZE=6160) 01/19/88 019 14:4~1:18

SUBROUTINE OUTPT(JJJ)
C
C CHANGES TO PROGRAM:
C (1/16/87) SIZE OF TTH,THE,TQR,TCM,TBRP,TALT,TVEL,TPI
C EXPANDED TO 120 ELEMENT ARRAYS
C (1/19/87) SIZE OF TTSEN,THSEN,TCPSEN,TLMC,TTS,TCHEM,TBPF,
C TPR,HMG,IMG,NLO,NHI,KHI,ISEN,

C EXPANDED TO ACCOMMODATE 20 EST TABLES WITH 30
C ENTRIES EACH

C
C (1/29;87) ALL OTHFR SUBSCRIPTED VARIABLE DIMENSIONS DOUBLED
C AS RECOMMENDED BY L.L. PERINI.
C
C ADDED WRITEOUT OF NODAL DEPTHS & TEMPS TO UNIT 8

COMMON KOUT,IEX,DEN,VR CBm 5
COMMON IHI(76LILO(76L1]R(76)LTT2(60,20),TCP(60,20),TKP(60,2OLTHZCBM 6
1(60,20),TEP(6O,20),TTH(120),THE(120),TQR(120),TCM(120),TT1(60) INPOU 4i
2,THG(60),DM12(14) RECORD(108),SO(L40),RHO(2OLTEPBF(60,20)
COMMON MATL(101),DEL(101),TA(1O1),H(1O1),RC(101),RA(1O1),

1AREA( 101) ,EMAC 1O1)RAV( 101) ,LGAP( 101) ,QGEN( 101) ,GAP ( 10)
COMMON ROA(1000LROB(1000) ,ROC( 1000) cBm 12
COMMON TPR(2OLNMG(20),

C TMG(5,20),NLO(5,20),NHI(5,20),KHi(5,20).
1 TTSEN(30,20) ,THSEN(3O,20) ,TCPSEN(30,20) ,TLMC(30,5,20) ,ISEN(20).
2 TPI(120), TTS(30,5,20),TCMEM(30,5,2OLVFZ,CMH,TBPF(30,5,20),
3 NPR,NGS
COMMON LCT,NPG,1I!,NBM,NUMN,NL,DEL1IG,DELM,RFT,RHORA,RHORB,RHORC,TRACBM 18
1CA,TRACB,TRACC,RHOOA,RHOOB,RHOOC,EA,EB,EC,BA,BB,BC,PSIA,PSIB,PSIC,CBM 19
2TRACM,PET,PETE,RSV,ETA,DTPR3,DTPR2,DTPRT,TPR3,TPR2,THZRO,THFIN,WTCBM 20
3TMWT,GAMA,OMG,NO,FJFH.FJFS,JF ,JFHP.JFH, INPUT, DTHIN,BRP.HCONV,CBiM 21
LiEPSW,TRESINCH,DTIIB,NN,N1,NOI,CIICRI,PYCRI,TBRP(12O1,NR,
5 TX(30,6LFl(3O,6),F2(30,6)LNCON,NBPFNFIS,BREX,SWELL
COMMON BBB(1O,6LEE(1O.6).FF(10,6),PSI(1O,6),RHOO(1O,6),

XRHOR( 10,6),
1ROCOM4(50,3) ,DHC(10) ,OHV( 10) ,RHOC(10) ,RHOV( 10) ,P( 10) ,PP( 10),
XTREF( 10),
2GA(10) ,OMGA(10) ,NF1(I0) ,NLA(10) ,TT5(60,20) .TENT(60,20),

U ~XTKBU(60,20),
3TCBIJ(30,10),X(1OI),NDBU.NBM2,TRAC(10,6),NBUFT(I0),KNST,IBIJG.TBUG,
4i TALT(120),TVEL(120),RRGAP(101).AGAP(101),ICOND,IEROS,ISR
COMMON/OTPT/CPE(6),EM0(201),DEP(20,10),CNC(101).CN(101),Y1(Li),
1 CNO(1O1),TO(20),RO(101),NISO(20),BRCIt,GS,SA,TB.TT,ASU,CMD, 'MT,
2 ITS,QRPRAD,RAT(1OI),RSU,CMOMCMMT,DCDI,DEOTDIDT,DPOTITER,KSCT,
3 PCPU,PRES,QRPTRAOT,SNET,D)ECOMDEDTTDSDTB,PGPUT,QCHEM.QCONO,
4j QCONV,QLOSSSDNC!, SUMQE,TiiPRT,TSAVE,VELFSDECOMT,
5 PRSATMQCHEMT,QCONDT,QCONVT,QL.OSST,K14,RR(101),DMOC( 101),
6 RON(10l),ROT(101),DNCP(6),O)ROT(6),D1(14),FA,FB,FC.OTH,OTHC,OSI,
7 OTA,GSM,COLD,CSHS,GSMT,GSM~eT.DSDT ,POLD,TH,AFTFSOSDTT,

RIL12P ~BE LL -LU .tI HL .
COMMON/OPT ION/TCR IT,BPCRIT,TABk.'-7,iOPTN,IMrG,MITEMIBL0PT

LSLQ MNNJ&WILQLQi. AC
EQUIVALENCE (DH1.DH1?2(1)),(DH2.DH112(2)),(TS,TAcl))

5514 FORMATC1X,8F10.tl/(20X,6f1O.14)) Cam 103
4i102 FORMAT(72E114.7,101 10)

DIDT =12.OODSDTID
NOR=NBM-NL- 1 CON 279
IKL 1 -{NUIMN-hOR+ 1)/2 cam 280
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K-NL I CBm 281
BPRM =0.03 BPRMG=O. 0
IF ( ABS(CH).LT.1.OE-15) GO TO 4105
BPRM=(GS +CMD)/(CHNCMH) CBM 288
BPRMG=GS /(CH*CMH) CBM 289
CALL LOOK(3,TS,TT2(l,l),TIIZ(1,1) ,0,O,0.TEMP,DUM,l)IC --------------- TEMP= INTERPOLATED ENTHALPY OF MATERIAL
HW = (BPRM*TEMP-QCHiEM/CH)/( 1.0+BPRM)

C PRINT OUTPUT AT REQUESTED TIMEI C4105 CALL LCOUNT(33+NLI,LCT,NPG)
C

WRITE (KOUT,543)TH

543 FORMAT( /6X28H- ----------------------------- F9.4,37H SECONDS - - -

I C --- -- -------- -- ----- COM 53
WRITE (KOUT,544) Cam 284

544 FORMAT(6X,4HTIME,2X,4HSURF,2X,4HPROB,2X,7HSURFACE,5X,6HH WALL, CBm 54
14X,6HH EDGE,6XU)1HlEAT COEFF,6X.6HCH/CHO/6X,JJHSTEP,2x,14HITER,2X,4.HC8X 55I2OPTN,2X,8HRAD (IN),3X,8H(BTU/LB),2X,8H(BTU/LB),3X,14H(LB/SQ FT-SECCBM 56

C 3)) Cam 57

WRITE (KOUT.545) ITER,ITS,II ,RSU,HW,HE,CH,BR CDX 285I545 FORMAT(6X,I1J42I6.FIO.4,F11.2,FIO.2,F14.6,5X,F8.5/IH )CBM 58

WRITE (K(OUT,546) CLIM 286
546 FORMAT(33X,2011--- ABLA110N RATES--) CBM 59

IF f !OtEl~ftE. 0) GO3 TO 580
C UTPUT WRECN USItNC OLOWINE 60+10N Elf QRAG)

- WRITE (000UT,540) CBM 287

1 'Mi GIIAR Hi ERS PEflCLNT qfto'J e~x.
ll'(EOICG Ff SEC) (tLGOIOWI 5Q FT)
21 4:0ItNC rNAG;10"' CBX 62

C

WRITE (K0OUT.5?7) CDX 287~eE.ý10,~ieM.OOtlf*

473 FORANA;( lgy7H PR5,LAA,f,& 8 PRIM G.3XIOH DO CORNH DOT3R

C

WRITE (KOUT,51i8) CONHBPM.CU.287CM.C4

I2) '8V)cam 63

C
WRItr (KOUT.51j80) CtHCRI,PYCRI CUMX 291

5480 FORMAT(27X.32H4---kMrCEsSlQNS/HLEcSSION RAT[S ---/ CUM 64j
133X.19M1IN) I (IN/SEC)/ camX 65

Z 16X.7I4SURFACE.16X.6HCHAR (jI4.2!.iH),IiX,iIPYk0LYSIS (.F4.2,ltH))cOX 66

C

WRT KU.41 AUTCEI.C).P()DD O 9
I41FRA(X31XfO..H.97/l fM 6
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WRlITE (KOUT,5L482) Cam 293
5482 FORMAT(27X.31H --- SURFACE ENFRGV FLUX TURMS---/25X,37HCURRENT RATESCBM 68

1(BTU/SQ FT SURFACE-SEC)124X,38HAND INTEGRATED VALUES (BTU/oRIC SQCBM 69
2FT)/ CBM 70

3 13X,1O,:CONVECTED ,4X,IOH RADIATED ,4X,IOH RADIATED 14X,IOH CHECBM 71
4MICAL ,4X, 10HCONDUCT ION/ 17X,21i IN, 12X,2HI N, I X,3HOUT,8X, 10HGENERAT ICBM 72

50N,7X,I4HAWAY) CBM 73

WRITE (KOUT,5Li83) QCONV, QRP ,RAO, QCHEMQCOND,QCONVTQRPT, RAOT, QCHEMCBM 294
IT ,QCONDT CBM 295

C ---------- 5483 EXPANDED FIELu FORMATS
5483 FORMAT (6X,L4HRATE,2X.,5(E12.5,2X)/6X,5IITOTALIX,5(E12.5,2X)/IH )CBM 74

WRITE (KOUT,5484) CBM 296
54j84 FORMAT(3OX,27H--- INTERIOR ENERGY? TERMS---!

3 13X,9HPYROL GAS,7X,6HDECOMP,6X, 1OHCONVECTION,6X,7HSTORAGE, CBM 78
147X,7HLOSS AT/14X,7HPIC!( UP,6X,1OHABSORPTION,3X,11HWITH SOLIDS,5X, CBM 79
58HIN SOLID,6X,9HREAJR FACE) cam 80

C
WRITE (KOUT,51&85)PGPU,DECOM, TB,OEDT,QLOSS,PGPUTDECOMT, TT,DEDTT,CBM 297
IQLOSST CBM 298

54185 FORMAT (6X,LiHRATE,2X,5(E12.5,2X)/6X,5HTOTAL,lX,5(El2.5,2X)/IH Cam 81
C

PRSATM = EXP(PRES)
C

WRITE(6..58I.) SUMQE,?FSATMVEI.FS,AFTFS
584 FORMAT( 18BM QERR(BTU/FT2) ý-,F8.2,10H ,PT(ATM)=,FIO.6

I 11H1 VEL(FPS)=,F8.1 1OH ,ALT(FT)= JF9.1)
C

IF(NCON.LE .0) WRI TE(6,549)
549 FORMAT (6X811N00E MAT 3X4H TEMP 3X7HDE NS IT'v 3X8HE NTHAL PY2X8HNOOE MAT3X4C8M 82

1 HTET4P3X7HDENS ITY3X8HENTHALPY/ T5X7H (DEC R)IIH (LB/CU FT)9H (BTU/LB)CBM 83
21IX7H(OEG R)1111 (LB/CU FT)9H (I3TU/LB)) CBM 84

C
IF (NCON.GT.O) WR ITE(6,5490)

5490 FORMAT (6X,8HNODE MAT 3X, 4HTE MP 3X, 7HOI:NS ITY, 2X, 9ICOND (BTU/, 2X, 8HNOCBM 85
IDE MAT, 3X,14liTEMP 3X, 7HDENS I I Y,2)9fiCOND (BTU// 15X, 7H (DEG R),11H (LBCBM 86
2/CU Fl),9H FT SC F),I1X,711(0[G R),11H (LB/CU FT).9H FT SC F)) C814 87

C
WRITE(8,3O00HTH,CRAV(I),TA(l)IINUMN)

3001 FORMAT(F10.5,50(F6.5,F5.O})
C

IF(NOI.LE.O) GO TO 190
CALL SLOPQ (NL ,RA(1) .TA( 1),fMO(1))
IF(NO.L(.Ol GO TO 182
CALL OGLE (NOSOTO(fl.NLtPA(l).TA(l),LMO(1))

182 Ir(NI.LE.O) GO TO 189
00 '86 I=1,NI
TO( I) =PIF 1(SO( I) RA,NL .TA)

186 CONTINUE
1i99 IF(NUMN.GE.N8M) CALL. TIHtRMS(NIS0,.~0.OtT.RRCN.RAT)

WRITE(KSCT.i41O2) 7H.YS,(TO( U *-I1,?0).

KKz-KKe Icam 325
190 "1 =WY

IF(NCON.LE.O) GO 70 3012
00 3009 I-1,NL
IF(WTLE.0-0I GO TO 3007
CAL.L LOW l(314.X( I) lYXx I *M, IV( 1M) *F (1.14) .0.0.YI.O1.2)
CNO I )e-Y1(1)*CN( I).Y1(2[L(NC( I) cum 33?
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GO TO 3009 CBM 333
3007 CN0(I)=-X(I)*CN(I)+(1.O-X(I1)*CNCfl) CBM 3314
3009 CONTINUE CBM 335

IF(NOBXJ.LE.O) GO TO 3023
00 3030 I=1,NDBU
LL=NF 1(1) CAM 338
LU=NLA( I) CIJM 339IL=NBUFT( I) CBM 3140

00 3025 J=LL,LU CAM 3141
IF(L.LE.O) Go TO 3026
CALL LOOK(31+L,X(J),TX(1,L),Fl(l,L),F2(1,LLO,0,Yl,D1,2) CBM 3143ICNO(J)=Y1(l1)*CN(J)+Yl(2)*CNC(J) CAM 3414
CO TO 3025 CBM 3145

3026 CNO(J):zX(J)*CN(J)+(1.O-X(J)))*CNC(J) CBM 3146
3025 CONTINUE CAM 3147
3030 CONTINUE CBM 3148
3023 IF(NUMN.LT.NBM2) GO TO 3012

00 3029 I=NBM2,NUMN
3029 CNO(I)=CN(I) CBM 351
3012 DO 3011 J=I,NLI

L=J CBM 354
IF(L.LE.NL) GO TO 3002
L=L+NDR
K=NL I CAM 357
GO TO 3003 CBM 358

3002 IF(L+NL1.GT.NL) K = NLI+NDR

3003 N=MINO(NUMN,K+I.)

550 FORMAT (5X214,F9.2,F1O.3,2XF8.2,1X21'4,F9.2,FlO.3,F1O.2) CAM 88
IF(NCON.GT.0ýWRiTE(6,55O0) (I,MATL(I) ,TA(I) ,RO( I) ,CNO( ii,I=LN,K)I5500 FORMAT(5X,2114,F9.2,FlO.3,2X,F8.6, 1X,2114,F9.2,F1O.3,Fl0.6) CBM 89

3011 CONTINUE CAM 366
IF(SW7LL.EQ.O.0) GO TO 3101
SONET= (1 +SWELL ) *D3IDT-SWELL*DCDT

CI WRITE(6 ,590) SHET,SONET
590 FORMAT(/10X,148HSURFACE RECESSION AFTER SWELL (INCHES) =FaCBM 370

1.14/IOX,148HSURFACE RECESSION RATE WITH SWELL (INCHES/SEC) =F8.14) CAM 371
C
3101 IF(TH-THFIN.LT.-O.OOO01) GO TO 1151

IF(NOI.LE.0) GO TO 1
REWIND KSCT
N =0 CBM 392
CALL LCOUNT(-18,LCTNPG)

C RT(OI,5) ON A 9
552 FORMAT (9X,67HOPT IONAL OUTPUT OF THERMOCOUPLE TEMPERATURES AND/OR ICBM 92

ISOHER DETHS24X37HEPTS MASUED ROMORIGINAL SURFACE/214X, CAM 93
?31HEMPRAIURE INDEGEESRANK INE//6X,77HFACH OUTPUT BLOCK SHOWS CAM 914

3THE TIME IN SECONDS, THE CURRENT SURFACE TEMPERATURE,/6X,2OHTHE TECBM 95I 14MPERATUR-S OF 1,I1414H THERMOCOUPLES, AND TH4E DEPTHS IN INCHES OF *CBM 96
512,10H tiOTHERMS/6X,314HWITHIN THE MAIN ABLATING MATERIAL./) CP9 97

C
WRITE(KOUT,5521) CBM 395

5521 FORMATM6, 714HTHE FIRST BLOCK SHOWS A SýAMPLE TIME AND SUCPM~ 98

7(FANY) AND THE ISOTHERM ltUMPERATURES. THE/6X,76HARRANGEM[LNT 6OCmIGOJ10
8THSBLUCK CORRKSPONOS TO THE ARRANGEMENT OF THE OUTPUT DATA./') CAM 1015WR!TE(KOUT,5514) TH,TS,(SO( ILJIINOI) CIBM 396
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WRI Z (KOUT,553) Cam 397
553 FORMAT (//6X,1111OUIPUI DATA//) CBM 102

C
DO 4 K=',KK cam 398
READ (KSCT,4102) TIf,rS,(TO(I),1=1,20),

D0 805 I=1,NI CBM 400
IF (N.LT.NISO(I)) N-NISO(I)

805 CONTINUE CBM 403
CALL LC-OUqT( 1 ,I.CI NPG)

4 WRITE (KOUT,5514) rHi,IS, (TO([), I=1,NCI) CBM 405
IF(NUMN.Lr.NBM) GO TO I
IF(NI*' .LE.O) GO TO 1
REWIND KSCT
CALL LCOUNT(-7,LCT,NPG)

C
WRITE(KOUT.560) CBM 410

560 FORMAT(/6X66HTHF fOIAtOWING BLOC'( GIVES THE OUTPUT THA~E AND UP TO FCBM 414
lIVE LOCATIONS J' 6X,55H0F Thia INDICAfED ;SOTHERMS WITHIN THE BACKUPCBM 415
2 MATE.RIALS.) Cam 416

C
J=NO+1 CBM 411
WRITE(KOUT,7041) (SO(I),l=J,NOI) CBM 412

70141 FORMAT(//12X,9(2X,F 10.4)) Cam 417
WRiTE(KOUT,7042) CBM 413

7042 FORMAT(/) CBM 418
C

DO 804 K=1,KK Cam 419
READ (KSCT,4102) rH.TS, (TO( I) .1-1,20),
1 ( (DEP( ,J) ,1=1, 1U),J- 1,5) *(NSO( I) *I1=1 10)
DO 804 Jx1,N CBM 421
CALL LCOUNT( 1,LCI.NPG)

804 WRITE(KOUT,554) TlH,(DfP( ,J),I=1,NI) CBM 423
GO TO 1 Cam 424

1151 IF(TH.LT.TPR2-C.00001) GO TO 1511
DTPRT=DTPR2
DTPR2=DTPR3 CBM 427
TPR2=TP!R3 Cam 428
TPR3=THF IN CBM 429

154 IF(TH.GE.THPRT-O.UoooI) THPRT=AMINI(THPRT+DTPRT,TPR2)
RE TURN

1 JJJ = 1
RE TURN
END
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APPENDIX B

Surface Energy Balance Equation in CMA

puCH(H, - h.) + PeUeCf CM( ) (0,1hc + 1g'hg -0'hw) +

Convective Chemical energy
heat transfer transfer

a -Faew -- qcond =0

Radiative RadiatioL. Conduction
heating loss to wall

where

Pe = density at outer edge of boundary layer,
ue = velocity of gases at edge of boundary layer,
CH = Stanton number,
H, = recover enthalpy,
CM = mass transfer Stanton number,
13,' = mass loss parameter of char (equals rhc/PeueCM),
Sg =mass loss parameter of pyrolysis gases (equals rig/ UeCM),

0' = 03 + 03 (equals (mt + mg)/(PeueCM)),
h, = enthalpy of char,
hg = enthalpy of pyrolysis gas,
Sh, = enthalpy of gases at wall (heated surface),
a, = absorptance,

qrad = radiation input to ablating surface,
F = radiation view factor,
a = Stefan-Boltzmann constant,

S= emissivity,
TV = wall (surface) temperatare, and

qcond = conduction into ablating material.
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USER'S GUIDE FOR CMA CODE WITH ROUTINES
TO MERGE HUNTER GRAPHITE OXIDATION SUBROUTINE
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APPENDIX C

User's Guide for CMA Code with Routines to Merge Hunter Graphite
Oxidation Subroutines with CMA Ablation Calculations

The new input variables (Table C. 1) are listed on a single line, which is the last
line in the CMA input file. This line is an addition to the previous format and
must be present whether the new features are used or not. It follows the existing
JTBL parameter, which is used to select the method for computing graphite oxi-
dation (i.e., values are either read from the surface thermochemistry (ST) tables
in CMA or computed by the Hunter subroutine.)

Table C.1

New Inputs for CMA code.

Variable Columns Format Description

IBLOPT 1 5 15 Not used
IOPTN 6-10 15 Merge Hunter subroutine and surface thermo-

chemistry table ablation curves.
0 = This feature not evoked.
S= Merge curves at constant wall temper-

ature (TCRIT).
2 = Merge curves at wall temperature

corresponding to a constant value
of 3' (BPCRIT).

3 = Search for temperature that produces
smoothest curve.

TCRIT 11-20 F1O.4 Constant wall temperature at which Hunter
and surface thermochemistry table ablation
curves are merged. This parameter is only
used when IOPTN = I.

BPCRIT 21-30 FIO.4 Value of 0t' criterion for finding merge tem-
perature. This parameter is only used when
IOPTN = 2.

IMSG 31-35 15 Status messages for new features.
0 = Do not print any messages.
I = Print 1st level messages.
2 = Print Ist and 2nd level messages.
3 = Print 1st, 2nd and 3rd level messages.
IMSG = 2 and 3 are primarily for

debugging.
SThey will produce significant output.

TABCN 36-45 FI0.4 Computes ablation threshold temperature for
ablating material.
< = 0.0, Search for threshoid temperature.
> = 0.0, ,aterial ablatcs at

T., > TAIWN.
h11i feat ure is only active when

IOPTN 4 0.
,MII ER 46-50 15 Frequency at \Ahich merge factor and material

ablation larcshold tenipeature is
recomputcd.

7 8
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The first input variable, IOPTN, evokes the routines that merge the Hunter oxi-
dation subroutine with the mainstream CMA calculations. The merge routines cause
the Hunter subroutine to be used for the oxidation calculations and the ST tables
to be used for the sublimation calculations. They also compute and apply a factor
(merge factor) on the Hunter ablation curve, which makes it continuous with theI ST ablation curve.

The user has three options for specifying the transition temperature criterion (for
switching from the Hunter subroutine to the ST tables). The transition can be at
a constant wall temperature (TCRIT), at the temperature that corresponds to a
constant value of 3' (BPCRIT), or found using a procedure that searches for the
temperature that gives the smoothest transition between the Hunter and ST abla-
tion curves. As a warning, these methods increase in complexity from the user-
specified constant temperature criteria to the search for the smoothest merge tem-
perature, and computation time will also increase. The first two options are rela-

tively inexpensive and the last is most expensive.
The input variable TABCN is used to specify the temperature at which the ma-I terial begins to ablate (i.e., an ablation threshold temperature). The user can speci-

fy a constant ablation threshold temperature or he can activate the FDTABC
module, which computes this value using a rewritten form of the Hunter algorithm
for a temperature corresponding to a negligible value of 0' (0.00001). This feature
is only active when the Hunter subroutine and the merge feature are evoked.

The input variable MITER is the frequency of iteration steps at which the merge
factor and the ablation threshold temperature are recomputed. For a trajectory
with severe transients, these values should be recomputed every iteration step. On
the other hand, for a trajectory with small transients, recomputing every five itera-
tions may be sufficient. When MITER is a value other than 1, the user should3 run a sample problem to verify that the merge factors and ablat,'r temperatures
do not change drastically between iterations.

The last input variable, IMSG, is used to print status messages for the merge
and ablator temperature operations with the normal CMA output. Four levels of
messages are available. Most users will want none or first-level messages only. The
other levels are primarily for debugging.

The executable program is called CMAV05. It is saved in the partitioned dataset3_ i 'BBE.CCCI.LOAD.MODULES'.

-I

-I
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APPENDIX D

Sample Input File Using New CMA Code

//CCC1H JOB (11659,C,U,N),'CCC1',USER=CCC1,NOTIFY=CCC1,MSGCLASS=G
//-MAIN ORG=RMOO1
//. SAMPLE JCL SET Executable program
// EXEC PGM R'GION=2000KT IME=1
//STEPLIB DD DSN--BE.CCC1.LA MODU EN,DISP=SHR
//FT03F01 Write output toT
// DCB=(RECFM=VB,LRECL=1200.BLKSIZE=14). Z e i J
/1 SPACE=(1RK;,10 5 tRLSE)
//FTO6FO01 DD DSNB.C MA. f ORPTB DISP:(NEWCATLC),
// UNIT=SAVE,DCB=(RECFM=VLiA,LRECL=137,BLKSIZE=6233,BUFNO=1),
// SPACE=(CYL,(120,60),RLSE)
//FT08FO01 DO DUMMY
//FT05fOO1 DO *

GPHS--BROADSIDE STABLE -- (CMAV05)
FLIGHT PATH ANGLE = -90
SAMPLE JCL SET

A 114.7 1114.7 0. 0. 0. 15000.
"B 114.7 114.7 0. 0. 0. 15000.
C 114.7 114.7 0. 0. 0. 15000.
10 40 0.0 50.00 1.00 5.00 2.00 0.100 0.5
S10.0 40.0 0,0010 0.0 0.0 0.0 0.0 536,0

1 1110. .005 -1.0634
1 1116. .010
1 1116. .010
1 1121. .010
1 1121. .010
1 1121. .010 Nodal data
1 1126. .010
1 1126. .010 Up to 100 nodes permitted
1 1126. 010
1 1131. .010
1 1131. .010

1131. .010
1 1136. .O10
1 1136. .010
1 1136. .010
1 1141. .010
1 1141. .010
1 1141, .010
1 11149. .010
1 111I9. .005 7 0.0008
3 1192. .020
3 1222. .020
3 1252. .020
3 1283. .010 7 0.014
-4 1331. .010
14 1336, .020
4 1341. .0110
4 1346. .0110
4 1351. .040
4 1356. .0165 7 0.0152
5 1532. .0133a
5 15146. .01339 7 0.0155
6 1711. .010 .06267
6 1716. .020 .06267
6 1726. 0140 .06267
6 1742. .080 .06267
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6 1774. .100 .06267
"6 1814. .100 .06267
6 1854. .100 .06267
6 1894. .10143 .06267

010 0.0 0. 0.02 0.98
460.0 0.175 0.02778 0.80 0.803 710.0 0.225 0.02315 0.80 0.80
960.0 0.290 0.02014 0.80 0.80

1210.0 0.330 0.01759 0.80 0.80
1460.0 0.360 0.01551 0.80 0.80
1710.0 0.390 0.01377 0.80 0.80
1960.0 0.410 0.01243 0.80 0.80
2210.0 0.430 0.01123 0.80 0.80
2460.0 0.450 0.01076 0.80 0.80
2960.0 0.480 0.00909 0.80 0.80!3460.0 0.510 0.00828 0.80 0.80
3960.0 0.530 0.00741 0.80 0.80
4460.0 0.550 0.00694 0.80 0.80

5460.0 0.575 0.00625 0.80 0.80
-1 7960.0 0.575 0.00625 0.80 0.80

460.0 0.175 0.02778 0.80 0.80
710.0 0.225 0.02315 0.80 0.80
960.0 0.290 0.02014 0.80 0.80

1210.0 0.330 0.01759 0.80 0.80
1460.0 0.360 0.01551 0.80 0.80
1710.0 0.390 0.01377 0.80 0.80
1960.0 0.410 0.01243 0.80 0.80
2210.0 0.430 0.01123 0.80 0.80
2460.0 0.450 0.01076 0.80 0.80
2960.0 0.480 0.00909 0.80 0.80
3460.0 0.510 0.00828 0.80 0.80
3960.0 0.530 0.00741 0.80 0.80
4460.0 0.550 0.00694 0.80 0.80
5460.0 0.575 0.00625 0.80 0.80

-1 7960.0 0.575 0.00625 0.80 0.80
3014.40

672.0 0.214 0.0000122 0.80 0.80
852.0 0.165 0.0000144 0.80 0.80

1032.0 0.312 0.0000169 0.80 0.80
1212.0 0.351 0.0000197 0.80 0.80
1392.0 0.380 0.0000225 0.80 0.80
1572.0 0.406 0.0000239 0.80 0,80
1752.0 0.424 0.0000253 0.80 0.80
1932.0 0.440 0.0000267 0.80 0.80S2112.0 0.450 0.0000281 0.80 0.80
2292.0 0.461 0.0000297 0.80 0.80
2472.0 0.470 0.0000311 0.80 0.80
2652.0 0.478 0.0000325 0.80 0.80
2832.0 0.482 0.0000339 0.80 0.80
3012.0 0.487 0.0000356 0.80 0.80
3460.0 0.500 0.0000392 0.80 0.80
4460.0 0.520 0.0000475 0.80 0.80

-1 10460.0 0.520 0.0000503 0.80 0.80
40114.7

-- 460.0 0.175 0.02778 0.80 0.80
710.0 0.225 0.02315 0.80 0.80
960.0 0.290 0.02014 0.80 0.80I1210.0 0.330 0.01759 0.80 0.80

S1460.0 0.360 0.01551 0.80 0.80
1710.0 0.390 0.01377 0.80 0.80
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1960.0 0.410 0.01203 0.80 0.80
2210.0 0.430 0.01123 0.80 0.80
2460.0 0.450 0.01076 0.80 0.80
2960.0 0.480 0.0()909 0.80 0.80
3060.0 0.510 0.00828 0.80 0.80
3960.0 0.530 0.007041 0.80 0.80
4460.0 0.550 0.00694 0.80 0.80
5460.0 0.575 0.00625 0.80 0.80

-1 7960.0 0.575 0.00625 0.80 0.80
501625.

460.0 0.0306 0.0239 0.084 0.084
1460.0 0.0347 0.0219 0.137 0.137
2060.0 0.0388 0,0212 0.191 0.191
3460.0 0.0429 0.0182 0.242 0.242
4060.0 0.0070 0.0181 0.298 0.298
4910.0 0.0070 0.0181 0.620 0.620

-1 10460.0 0.0470 0.0181 0.620 0.620
60590.

460. .0587 .0000664 .591 .591
560. .0620 .0000672 .599 .599

1032. .0780 .0000705 .643 .643
1212. .0794 .0000739 .659 .659
1392. .0805 .0000875 .676 .676
1572. .0811 .0000903 .692 .692
1752. .0817 .0000931 .709 .709
1932. .0821 .0001510 .725 .725
2112. .0825 .0001639 .742 .742
2472. .0830 .0001892 .775 .775
2652. .0832 .0002017 .791 .791
2960. .0835 .0002075 .819 .819
3060. .0838 .0002167 .865 .865
4460. .0840 .0002355 .911 .911 Time-table
5460. .0800 .0002542 .956 .956

+110060. .081,40 .0002542 .956 .956 120 entries permitted
0 0. 5000. 10000.
.1 .1 .1
12.0 1,700 0.800 1.000 1.000 0 0 0 0 0 8000.
0.0 03622.8 0.09 42..67 a0.007T--l 00067 34.348U
0.25 43629.4 0.19 57.119 00.78 0.00062 336.3 46753. 0.0
0.50 03636.2 0.37 78.010 76.00 0.00115 324.o 06760. 0.0
0.75 03644 2 0.70 107.316 1143.82 0.00218 313." 46767. 0.0
1.00 43650.8 1.07 150.322 282.07 0,0048 30; 0 46773. 0.0
1.25 43657.4 2.91 211.254 556.89 0.00840 289.6 46778. 0.0
1.50 43661.9 5.78 293.281 1073.13 0.01626 277.9 46780. 0.0
1.75 43651.4 15.38 407.115 2068.20 0,03135 266.2 46773. 0.0
2.00 43640.1 1111.91 547.836 37148.09 0.05682 214 .5 46766. 0.0
2.25 43598.2 110.79 713.722 6313.13 0.09667 242.8 06701. 0.0
2.50 03514.7 2014.76 912.271 10407.53 0.15864 23'.2 06693. 0.0
2.75 43367.6 493.88 1105.763 16575.96 0.25214 219.5 46610. 0.0
3.00 43126.7 899.27 1010.083 25487.52 0.38881 207.9 46078. 0.0
3.25 42708.6 1581.8' 1727.713 38610.24 0.¶0 '. "5 3 46271. 0.0
3.50 42164.8 2605.77 2093.353 51988.98 0.', . ;84.8 05953. 0.0
3.75 41290.5 4191.614 2489.822 0.0 1. : 173.3 45072. 0.0
3.95 40277.6 6032.61' 2847.2541 0.0 1.8 :,2 164.1 00911. 0.0
4.10 39338.6 7685.06 3103.646 0.0 2.?li 340 157.6 40385. 0.0
4.22 38403.3 9158.19 3310.637 0.0 2.i2976 152.5 43877. 0.0
4.32 37530.3 10418.05 3491.145 0.0 3.19620 1IV 2 43354. 0.0
40.2 36476.7 11885.39 3656.354 0.0 3.72678 103 9 427?3. 0.0
4.52 35269.6 13268.12 3798.086 0.0 4.32209 139.6 4.2031. 0.0
0.62 33899.2 10236.21 3906.083 0.0 4.97773 15.5A) 41207. 0.0
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4.72 32359.8 14945.10 3972.378 0.0 5.68821 131.4 40262. 0.0
4.82 30652.5 14640.01 3986.267 0.0 6.43489 127.4 39187. 0.04.92 28786.5 13722.39 3941.544 0.0 7.19944 123.6 37978. 0.05.02 26780.8 11248.63 3833.005 0.0 7.95015 119.8 36633. 0.0
5.12 24664.1 8495.31 3660.946 0.0 8.65439 116.2 35158. 0.0
5.22 22475.3 5570.58 3430.057 0.0 9.27424 112.8 33564. 0.0
5.32 20260.3 2822.21 3150.542 0.0 9.77572 109.5 31870. 0.0
5.42 18067.8 1225.46 2836.325 0.0 10,13010 106.4 30100. 0.0
5.52 15950.3 655.31 2498.031 0.0 10.26720 103.5 28285. 0.0
5.62 13958.3 380.10 2159.229 0.0 10.21262 100.8 26464. 0.0
5.72 12123.1 233.62 1836.626 0.0 9.99701 98.2 24667. 0.0U 5.82 10462.5 0.0 1541.068 0.0 9.65201 95.9 22920. 0.0
5.92 8984.2 0.0 1278.214 0.0 9.20298 93.6 21245. 0.0
6.02 7686.5 0.0 1050.029 0.0 8.67376 91.6 19657. 0.0
SS.12 6560.5 0.0 856.810 0.0 8.10546 89.7 18167. 0.0
6.22 5592.5 0.0 695.483 0.0 7.51296 88.0 16781. 0.0
6.32 4766.5 0.0 562.809 0.0 6.92184 86.4 15500. 0.0
6.42 4065.3 0.0 454.782 0.0 6.34671 84.9 14323. 0.0
6.52 3472.2 0.0 367.437 0.0 5.79764 83.5 13247. 0.0
6.62 2971.6 0.0 297.232 0.0 5.28342 82.2 12265. 0.0
6.72 2549.5 0.0 240.911 0.0 4.80546 81.0 11371. 0.06.82 2193.5 0.0 195.823 0.0 4.36690 79.9 10558. 0.06.92 1893.0 0.0 159.760 0.0 3.96887 78.9 9821. 0.0
7.02 1638.9 0.0 130.827 0.0 3.60677 78.0 9150. 0.0
7.12 1423.6 0.0 107.592 0.0 3.28012 77.1 8542. 0.0
7.22 1240.6 0.0 88.869 0.0 2.98537 76.3 7988. 0.0
7.32 1084.8 0.0 73.742 0.0 2.72031 75.5 7484. 0.0
7.42 951.6 0.0 61.477 0.0 2.48248 74.8 7025. 0.0
7.52 837.4 0.0 51.489 0.0 2.26866 74.1 6605. 0.0
7.62 739.2 0.0 43.326 0.0 2.07687 73.4 6222. 0.0
"7.72 654.4 0.0 36.622 0.0 1.90437 72.8 5872. 0.07.82 580.9 0.0 29.762 0.0 1.74954 72.3 5550. 0.0
7.92 517.1 0.0 25.146 0.0 1.60959 71.7 5255. 0.0
8.02 461.4 0.0 21.317 0.0 1.48443 71.2 4983. 0.0
8.12 412.7 0.0 19.111 0.0 1.30149 70,7 4732. 0.08.22 370.0 0.0 16.358 0.0 1.20827 70.3 4501. 0.08.32 332.4 0.0 14.038 0.0 1.12320 69.8 4287. 0.0
8.42 299.1 0.0 12.082 0.0 1.04621 69.4 4088. 0.0
8.52 269.7 0.0 10.424 0.0 0.97597 69.0 3904. 0.0
8.62 243.5 0.0 9.016 .0.0 0.91209 68.6 3733. 0.0
8.82 199.4 0.0 6.791 0.0 0.80061 67.9 3425. 0.08.72 220.3 0.0 5.812 0.0 0.85387 68.3 387o. 0.0

9.12 149.0 0.0 4.505 0.0 0.66623 67.0 3036. 0.0

9.22 135.4 0.0 3.941 0.0 0.62852 66.7 2922. 0.0
9.32 123.1 0.0 3.452 0.0 0.59369 66.4 2815. 0.0
9.42 112.0 0.0 3.029 0.0 0.56188 66.1 2714. 0.0
9.52 101.9 0.0 2.659 0.0 0.53219 65.8 2620. 0.0I 9.62 92.7 0.0 2.336 0.0 0.50467 65.6 2530. 0.0
9.72 84.3 0.0 2.055 0.0 0.47939 65.3 2446. 0.09.82 76.7 0.0 1.808 0.0 0.45584 65.1 2367. 0.0
9.92 69.7 0.0 1.591 0,0 0.43416 64.8 229?. 0.0

10.02 63.3 0.0 1.400 0.0 0.41389 64.6 2221. 0.010.12 57.4 0.0 1.232 0.0 0.39519 64.4 2153. 0.010.22 52.0 0.0 1.083 0.0 0.37778 64.2 2090. 0.0
10.32 47.0 0.0 0.951 0.0 0.36154 64.0 2029. 0.0
10.42 42.4 0.0 0.834 0.0 0.34638 63.8 1971. 0.0
10.52 38.2 0.0 0.730 0.0 0.33219 63.6 1917. 0.0
10.62 34.2 0.0 0.637 0.0 0.31903 63.4 1865. 0.0
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10.72 30.6 0.0 0.554 0.0 0.30668 63.2 1815. 0.0
10.82 27.2 0.0 0.480 0.0 0.29520 63.0 1768. 0.0
10.92 24.0 0.0 0.414 0.0 0.28440 62.9 1722. 0.0
11.02 21.1 0.0 0.355 0.0 0.27424 62.7 1679. 0.0
11.22 15.8 0.0 0.254 0.0 0.25582 62.4 1599. 0.0
11.42 11.2 0.0 0.172 0.0 0.23956 62.1 1525. 0.0
11.62 7.1 0.0 0.105 0.0 0.22500 61.8 1456. 0.0
11.84 3.3 0.0 0.047 0.0 0.21129 61.4 1389. 0.0
12.06 -0.1 0.0 -0.002 0.0 0.19895 61.1 1325. 0.0
12.46 -5.0 0.0 -0.064 0.0 0.18129 60.6 1229. 0.0
12.91 -9.4 0.0 -0.112 0.0 0.16557 60.1 1136. 0.0
13.43 -13.4 0.0 -0.149 0.0 0.15199 59.5 1046. 0.0
14.07 -16.8 0.0 -0.176 0.0 0.14087 58.9 959. 0.0
14.86 -19.9 0.0 -0.197 0.0 0.13228 58.2 875. 0.0
,9.65 -27.7 0.0 -0.234 0.0 0.12044 54.7 614 0.0

29.43 -31.1 0.0 -0.249 0.0 0.13572 49.7 452. 0.0
39.43 -32.1 0.0 -0.263 0.0 0.15994 45.5 392. 0.0
49.43 -32.7 0.0 -0.278 0.0 0.18739 41.8 355. 0.0
59.43 -33.1 0.0 -0.292 0.0 0.21725 36.4 326. 0.0
69.43 -32.6 0.0 -0.297 0.0 0.24953 35.2 301. 0.0
79.43 -30.3 0.0 -0.286 0.0 0.28359 32.3 284. 0.0
89.43 -28.1 0.0 -0.275 0.0 0.31953 29.5 269. 0.0
99.43 -26.0 0.0 -0.262 0.0 0.35737 26.9 257. 0.0

109.43 -24.0 0.0 -0.249 0.0 0.39695 24.4 245. 0.0
119.43 -22.0 0.0 -0.236 0.0 0.43827 22.0 235. 0.0
129.43 -20.2 0.0 -0.221 0.0 0.48124 19.7 226. 0.0
139.43 -18.3 0.0 -0.206 0.0 0.52610 17,5 218. 0.0
149.43 -16.6 0.0 -0.191 0.0 0.57253 15.3 210. 0.0
159.43 -14.9 0.0 -0.175 0.0 0.62049 13.3 203. 0.0
169.43 -13.2 0.0 -0.159 0.0 0.67020 11.3 197. 0.0
179.43 -11.6 0.0 -0.143 0.0 0.72130 9.3 191. 0.0
189.43 -10.0 0.0 -0.126 0.0 0.77405 7.5 186. 0.0
199.43 -8.5 0.0 -0.109 0.0 0.82833 5.6 130. 0.0

209.43 -7.0 0.0 -0.091 0.0 0.88426 3.8 176. 0.0
219.43 -5.5 0.0 -0.074 0.0 0.94171 2.1 1.1. 0.0
229.43 -4.1 0.0 -0.056 0.0 1.00058 0.4 167. 0.0
231.97 -3.8 0.0 -0.051 0.0 1.01555 0.0 166. 0.0

1. 1.0 0.5 0 0 0 0 0.
0.00001O.0 60.000002687.99220.0 6926. 6928.273 1 C' ' I

0.00001 0.0 50.000002687.65360.0 6903.277 6903.277 1 C* c I
0.00001 0.0 30.000002686.10300.0 6810.352 6810,352 1 C* C I

0.00001 0.0 20.000002684.24730.0 6695.957 6695.957 1 C. C I
0.00001 0.0 10.000002679.02490.0 6369.059 6369.059 1 CO C t

0.00001 0.0 5.000002669.34200.0 5792.414 5792.414 1 C C I

0.00001 0.0 1.000002613.71970.0 3182.023 3182.023 1 C* C I

0.00001 0.0 0.350002525.43990.0 1236.478 1236.478 1 Co C 1
0.00001 0.0 0.200002394.70140.0 433.386 433.38-6 1 CO C I

0.00001 0.0 0.190002359.54710.0 362.322 362.322 1 Co C I

0.00001 0.0 0.180002203.43990.0 275.831 275.831 1 C* C
0.00001 0.0 0.175001986.69210.0 150.001 150.001 1 C' C I
0.00001 0.0 0.174911728.07060.0 70.276 70.276 1 C C I

0.00001 0.0 0.1748 1666.67 0.0 51.10 51.10 1 CO
0.00001 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 c" GE
0.00001 0.0 0.1686 1350.0 0.0 -62.9 -62,9 1 C' GE
0.00001 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C' GE
A-.00001 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 Co GE
0.00001 0.0 0.0429 1150 0 0.0 -98.4 -98.4 1 C' GE
0.00001 0.0 0.0193 1100.0 0.0 60.4 60.4 i C* GE
0.00001 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GC

0.00001 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR

Surface thermochemistry tables

20 pressure tables with up to

30 mass loss parameters LUC I permitted.
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"0.00001 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
0.00001 0.0 0.0 260.0 0.0 62.2 62.2 0

m 0.00001 0.0 0.0 240.0 0.0 57.4 57.4 0 AIR

0.00001 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR
0.00001 0.0 0.0 180.0 0.0 43.0 43.0 0
0.00001 0.0 0.0 140.0 0.0 33.4 33.4 0
0.00001 0.0 0.0 100.0 0.0 23.9 23.9 0
0.00001 0.0 0.0 .0001 0.0 0.0 0.0 0
0.0001 0.0 60.000002881.59230.0 6901.996 6901.996 1 C* C I

0.0001 0.0 50.000002881.18430.0 6877.484 6877.484 1 C* C I

0.0001 0.0 30.000002879.33280.0 6786.594 6786.594 1 C* C I

0.0001 0.0 20.000002877.12400.0 6674.496 6674.496 1 C* C I
0.0001 0.0 10.000002870.92460.0 6353.332 6353.332 1 C* c

0.0001 0.0 5.000002859.39650.0 5783.715 5783.715 1 C* C I

0.000.1 0.0 1.000002794.39210.0 3206.576 3206.576 1 C0 C I
0.0001 0.0 0.350002692.36210.0 1279.992 1279.992 1 C* C II 0.0001 0.0 0.200002542.22410.0 478.635 478.635 I C* C I

0.0001 0.0 0.190002501.90990.0 406.375 406.375 1 C* C I

0.000i 0.0 0.180002414.66060.0 316.658 316.658 1 C* C I

0.0001 0.0 0.175002078.76290.0 178.367 178.367 1 C* C I

0.0001 0.0 0.174911794.63940.0 90.524 90.524 1 C* C I
0.0001 0.0 0.1748 1666.67 0.0 51.10 51.10 1 C'
0.0001 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE

0.0001 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
0.0001 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C' GE
0.0001 0.0 0.0813 1200.0 0.0 -3'49.1 -549.1 1 C* GE
0.0001 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C4i GE
0-0001 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C* CE
0.0001 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C' GE
0.0001 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
0.0001 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
0.0001 0.0 0.0 260.0 0.0 62.2 62.2 0

0.0001 0.0 0.0 240.0 0.0 57.4 57.4 0 AIR
0.0001 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR
0.0001 0.0 0.0 180.0 0.0 43.0 43.0 0

S0.0001 0.0 0.0 140.0 0.0 33.4 33.4 0
0.0001 0.0 0.0 100.0 0.0 23.9 23.9 0
0.0001 0.0 0.0 .0001 0.0 0.0 0.0 0
0.001 0.0 60.000003105.77390.0 6908.277 6908.277 1 C' C I
0.001 0.0 50.000003105.19310.0 6885,961 6885.961 1 C C I
0.001 0.0 30.000003102.95870.0 6796.809 6796.809 1 CO C I
0.001 0.0 20.000003100.30180.0 6686.586 6686.586 1 C* C I
0.001 0.0 10.000003092.87520.0 6N70.063 6370.063 1 CO C I

S0.001 0.0 5.000003079.07060.0 5806.551 5806.551 1 C* C I
0.001 0.0 1.000003002.35550.0 3252.220 3252.220 1 C C I
0.001 0.0 0.350002883.20120.0 1335.477 1335.477 1 Cs C I

0.001 0.0 0.200002708.93530.0 530.768 530.768 1 CO C I
0.001 0.0 0.190002662.21?30.0 456.612 456.612 1 C' C I
0.001 0.0 0.180002561.16310.0 362,S07 362.507 1 C cm 0.001 0.0 0.175002178.06250.0 209.068 209.068 1 C* C
0.001 0.0 0.174911863.28660.0 111.481 111.481 -" C'
0.001 0.0 0.148 1666.67 0.0 51.10 51.10 1 CM
0.001 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 Ce GE
0.001 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 Ce GE
0.001 0.0 0.1252 1250.0 0.0 -238.5 -238.5 i CI GE
0.001 0.0 0.0813 1200.0 0.0 -)9.1 -349.1 1 Ca GE

0.001 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C' CE
0.001 0.0 0.0193 1100.0 0.0 60.4 60.4 1 Co GE

0.001 0.0 0.0027 1000.0 0.0 159.2 159.2 1 Co GE
0.001 0.0 0.0 1iO .r; 0.0 250.0 250.0 0 AIR
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0.001 0.0 0.0 500.0 0.0 120,1 120.1 0 AIR
.0.001 0.0 0.0 260.0 0,0 62.2 62.2 0
0.001 0.0 0.0 240.0 0.0 57.4 57.4 0 AIR
0.001 0.0 0.0 200,0 0.0 47.8 47.8 0 AIR
0.001 0.3 0.0 180.1: 0.0 43.0 43.0 0
0.001 0.0 0.0 '40.0 0.0 33.4 33.4 0
0.001 0.0 0.0 100.0 0.0 23.9 23.9 0
0.001 0.0 0.0 .0001 0.0 0.0 0.0 0
0.0020 0.0 60.000003180.32350.0 6917.563 6917.563 1 C*
0.0020 0.0 50.00000.3179.70170.0 6895.371 6895.371 1 C*
0.0020 0.0 30.000003177.33230.0 (806.711 6806.711 1 C*
0.0020 0.0 20.000003174.5'440.0 6697.027 6697.027 1 C*
0.0020 0.0 10.000003166.6:)920.0 6351.750 6381.7T0 1 C*
0.0020 0.0 5.000003152.54980.0 5819.109 5819.109 1 C*
0.0020 0.0 1.000003071,71800.0 3270.276 3270.276 1 C*
0.0'P20 0.0 0.350002943.24220.0 1363.521 1363.52' 1 C*
0.0020 0,0 0.200002-57.24390.0 5k8.953 548.953 ' C*
0.0020 0.0 0.1,0002707.18260.0 472.821 472.821 C*
0.0i20 0.0 0.180o02599.10890.0 375.333 '75.333 1 C*
0.0020 0.0 0.175002249.15170.0 231.768 231.768 1 C*
0.0020 0.0 0.174907161.85420.0 203.822 203.822 1 C*
0.0020 0:0 0.1748 1666.67 0.0 51.10 51.10 1 C*
0.0020 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
0.0020 0.0 ý'.1686 1350.0 0.0 -62.? -62.9 1 C* GE
0.0020 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
0.0020 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* OE

0.0020 0.0 0.0429 1150.0 n i .4 -98.4 1 C* GE
0.0020 0.0 0.0193 1100.0 0.0 -4 60.14 C* GE
0.0020 0.0 0.0027 1000.0 0.0 ,-.2 159.2 1 C* GE
0.0020 0.0 0.0 1.00.0 0.0 250.0 250.0 0 AIR
0.0020 0.0 0.0 500.0 0.0 120.1 120.1 C AIR
0.002P 0.0 0.0 260.0 0.0 62.2 62.2 1,

0.0020 0.0 0.0 240.0 0.0 57.4 57.4 1, AIR
0.0020 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR
0.0020 0.0 0.0 180.0 0.0 43.0 43.0 0
0.0020 0.0 0.0 140.0 0.0 33.4 33.4 0
0.0020 0.0 0.0 u10.0 0.0 23.9 23.9 0
0.0020 0.0 0.0 .0001 0.0 0.0 0.0 0
0.0050 0.0 60,000003284.64090.0 6934.531 6934.531 1 C*
0.0050 0.0 50.000003283.96440.0 6912.527 6912.527 1 C*
0.0050 0.0 30.000003281.40110.0 6824.453 6824.ý53 1 C*
0.0050 0.0 20.000001278.355.'0.0 6715.402 6715.402 1 C*
0.0050 0.0 10.00a003269.87330.0 6401.652 6401.652 1 Cm
0.0050 0.0 5.000003254.67040.0 5841.047 5841.047 1 Cv
0.0050 0.0 1.000003167.9794('.0 329,.372 2297.372 1 C"

0.0050 0.0 0.350003014.16850.0 1382 595 1382.595 1 C*
0.0050 0.." 0.200002831.90840.0 572.696 572.696 1 0*
0.0050 0.0 0.190002778.49610.0 43,.400 495.400 1 CO
0.0050 0.0 0.18000:'663.221410.0 395.472 395.472 1 CO

0.0050 0.0 0.115002293.13600.0 245.230 245.230 1 0*
U.00-0 0.0 0. 17490?200.877,-,.0 215.878 215.878 i C*
0.0050 0.0 0. 1748 1666.67 C.0 51.10 51.10 1 C-
0.0050 0.0 u.1743 1450.0 0.0 -15.3 -15.3 1 C* CE
0.0050 0.0 0.1686 13504.0 0.0 -62.9 -62.9 1 C* GE
0.0050 0.0 0.1252 1250.0 0.0 -216.5 -238.5 1 C* GE
0.0050 0.0 0.0813 12000 0 0.0 -349.1 -349.1 1 C" GE

0.0050 0.0 0.01429 1150.) 0.0 -98.4 -96.14 1 Co GE
0.0050 0.0 0 01933 1100.0 0.0 60. 6 60. 1 C GE
0.0050 0.0 0.u, 7 1(O(1.() I.:, 15).. 159.2 1 C* GE

0.0O505 0.0 0.0 1(IM)0.0 0.1 o2 25().0 250.0 0 AI1R
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U 0.0050 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR

0.0050 0.0 0.0 260.0 0.0 62.2 62.2 0
0.0050 0.0 0.0 240.0 0.0 57.4 57.4 0 AIR
0.0050 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR

0.0050 0.0 0.0 180.0 0.0 43.0 43.0 0
* 0.0050 0.0 0.0 140.0 0.0 33.4 33.4 0

0.0050 0.0 0.0 100.0 0.0 23.9 23.9 0
0.0050 0.0 0.0 .0001 0.0 0.0 0.0 0

0.01 0.0 60.000003368.30220.0 6950.918 6950.918 1 0* C I

0.01 0 . 50.000003367.58370.0 6928.996 6928.996 1 C* C I

0.01 0.0 30.000003364.85890.0 6841.363 6841.363 1 C* C I

0.01 0.0 20.000003361.62300.0 6732.754 6732.754 1 C" C I
0.01 0.0 10.000003352.61740.0 6419.977 6419.977 1 C* C I
0.01 0.0 5.000003336.11940.0 5860.250 5860.250 1 C* C I

0.01 , 0.0 1.000003244.45140.0 3319.316 3319.316 1 C* C I
0.01 0.0 0.350003103.50950.0 1403.857 1403.857 1 C* C I
0.01 0.0 0.200002898.56590.0 590.734 59P.734 1 C* C I
0.01 0.0 0.190002843.69560.0 513.877 513.877 1 C* CI
0.01 0.0 0.180002725.08740.0 413.964 413.964 1 C* C I

0.01 0.0 0.175002283.25120.0 241.694 241.694 1 C* C I
0.01 0.0 0.174911930.57130.0 132.089 132M089 1 C* C I
0.01 0.0 0.1748 1666.67 0.0 51.10 51.10 1 C*
0.01 0.0 0.1741 1450.0 0.0 -15.3 -15.3 1 C* GE
0.01 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
0.01 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
0.01 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
0.01 0.0 0.0429 1150.0 0.0 -98.4 -96.4 1 C'* GE
0.01 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C* GE
0.01 0.0 0.0027 1000.0 0.0 159.2 159,2 1 C* GE
0.01 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
0.01 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
0.01 0.0 0.0 260.0 0.0 62.2 62.2 0
0.01 0.0 0.0 240.0 0.0 57.4 57.4 0 AIR

* 0.01 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR
0.01 0.0 0.0 180.0 0.0 43.0 43.0 0

0.01 0.0 0.0 140.0 0.0 33.4 33.4 C
0.01 0.0 0.0 100.0 0.0 23.9 23.9 0
0.01 0.0 0.0 .0001 0.0 0.0 0.0 0
0 0 0220 0.0 6C.000003468.91410.0 6973.277 6973.277 1 C*
0.0220 0.0 50.000003468.14330,0 6951.520 6951.520 1 C*
0.0220 0.0 30.000003465.21190.0 6864.355 6864.355 1 C*
0.0220 0.0 20.000003461.73680.0 6756.277 6756.277 1 Cl
0.0220 0.0 10.000003452.08370.0 6444.684 6444.684 1 C*

* 0.0220 0.0 5.000003434.84960.0 5886.863 5886.863 1 C*
0.0220 0.0 1.000003337.146>0.0 3348.694 3348.694 1 C*
0.0220 0.0 0.350003187.44210.0 1431.739 1431.739 1 C*
0.0220 0.0 0.200002961.05470.0 613.E09 613.809 1 C*
0.0220 0.0 0.190002901.37870.0 534.309 534.309 1 C*
0.0220 0.0 0.180002772.66920.0 429.841 429.841 1 C*
0.0220 0.0 0.175002364.37260.0 267.330 267.330 1 C*
0.0220 0.0 0.i7'902263.93900.0 235.396 235.396 1 C*
0.0120 0.0 0.1748 1666.67 0.0 51.10 51.10 1 C*
0.0220 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
0.0220 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
0.0220 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
0.0220 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
O.r220 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C* GE
mO.Oa 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C* GE
0.0220 0.0 0.0027 1000.0 0.0 s59.2 159.2 1 C* GE
0.0220 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
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0.0220 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
0.0220 0.0 0.0 260.0 0.0 62.2 62.2 0
0.0220 0.0 0.0 240.0 0.0 57.4 57.4 0 AIR
0.0220 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR
0.0220 0.0 0.0 180.0 0.0 43.0 43.0 0
0.0220 0.0 0.0 140.0 0.0 33.4 33.4 0
0.0220 0.0 0.0 100.0 0.0 23.9 23.9 0
0.0220 0.0 0.0 .0001 0.0 0.0 0.0 0
0.0460 0.0 60.000003568.74190.0 6997.809 6997.809 1 C*
0.0460 0.0 50.000003567.91850.0 6976.176 6976.176 1 C*
0.0460 0.0 30.000003564.78050.0 6889.453 6889.453 1 C*
0.0460 0.0 20.000003561.05740.0 6781.793 6781.793 1 C*
0.0460 0.0 10.000003550.74270.0 6471.188 6471.188 1 C*
0.0460 0.0 5,000003532.34520.0 5914.496 5914.496 1 C*
0.0460 0.0 1.000003428.41940.0 3377.774 3377.774 1 C*
0.0460 0.0 0.350003269.67850.0 1458.450 1458.450 1 C*
0.0460 0.0 0.200003039.75490.0 636.239 636.239 1 C*
0.0460 0.0 0.190002966.18870.0 554.787 554.787 1 C*
0.0460 0.0 0.180002829,75050.0 447.737 447.737 1 C*
0.0460 0.0 0.175002399.69800.0 278.312 278.312 1 C*
0.0460 0.0 0.174902294.68460.0 244.927 244.927 1 C*
0.0460 0.0 0.1748 1666.67 0.0 51.10 51.10 1 C*
0.0460 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
0.0460 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
0.0460 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
0.0460 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
0.0460 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C* GE
0.0460 0.0 0.0193 1100.0 0.0 60.4 63.4 1 C* GE
0.0460 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
0.0460 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
0.0460 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
0.0460 0.0 0.0 260.0 0.0 62.2 62.2 0
0.0460 0.0 0.0 240.0 0.0 57.4 57.4 0 AIR
0.0460 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR
0.0460 0.0 0.0 180.0 0.0 43.0 43.0 0
0.0460 0.0 0.0 140.0 0.0 33.4 33.4 0
0.0460 0.0 0.0 100.0 0.0 23.9 23.9 0
0.0460 0.0 0.0 0001 0.0 0.0 0.0 0

0.1 0.0 60. ,000(.i6',37650.0 7027.430 7027.430 1 C* C I
0.1 0,0 50.0000u36":1.48950.0 7005.883 7005.883 1 C* C I
0.1 0.0 30.000003676.10690.0 6919.547 6919.547 1 0* c I
0.1 0.0 20.000003672.10210.0 6812.309 6812.309 1 C* C I
0.1 0.0 10.000003661.00710.0 6502.574 6502.574 1 C* C I
0.1 0.0 5.000003641.20830.0 5945.016 5945.016 1 C* C I
0.1 0.0 1.000003529.90870.0 3408.819 3408.819 1 C* C I
0.1 0.0 0.350003360.41890.0 1486.246 1486.246 1 C* C I
0.1 0.0 0.200003115.15190.0 659.078 659.078 1 C* C I
0.1 0.0 0.190003049.50240.0 578.657 578.657 1 C* C I
0.i 0.0 0.180002907.61060.0 471.172 471.172 1 C* C I
0.1 0.0 0.175002389.57180.0 274.760 274.760 1 C* C I
0.1 0.0 0.174911994.11840.0 151.611 151.611 1 C* C I
0.1 0.0 0.1748 1666.67 0.0 51.10 51.10 1 C*
0.1 0.0 0.1743 1450.0 0.0 -15.3 -t5.3 1 C* GE
0.1 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
0.1 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
0.1 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
0.1 0.0 0.0429 1150.0 0.0 -98.4 -98.4 i C, GE
0.1 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C* GE
0.1 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
0.10 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
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0.10 0.0 0M0 500.0 0.0 120.1 120.1 0 AIR
0.10 0.0 0.0 260.0 0.0 62.2 62.2 0
0.10 0.0 0M0 240.0 0.0 57.4 57.4 0 AIR
0.10 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR

0.10 0.0 0.0 180.0 0.0 43.0 43.0 0
0.10 0.0 0.0 140.0 0.0 33.4 33.4 0
0.10 0.0 0.0 100.0 0.0 23.8 23.8 0
0.10 0.0 0.0 .0001 0.0 0.0 0.0 0

0.2150 0,0 60.000003797.61740.0 7060.477 7060.477 1 C*
0.2150 0.0 50.000003796.66500.0 7039.090 7039.090 1 CG
0.2150 0.0 30.G00003793.01170.0 6953.199 6953.199 1 C*
0.2150 0.0 20.000003788.69700.0 6846.414 6846.414 1 C*
0.2150 0.0 10.000003776.76000.0 6537.637 6537.637 1 C*
0.2150 0.0 5.000003755.54860.0 5982.898 5982.898 1 C*
0.21;0 0.0 1.000003636.56670.0 34116.366 3446.366 1 C*
0.2150 0.0 0.350003455.95630.0 1519.255 1519.255 1 C*
0.2150 0.0 0.200003194.93900.0 685.500 685.500 1 C*
0.2150 0.0 0.190003125.17090.0 603.449 603.449 1 C*

0.2150 0.0 0.180002953.96360.0 486.518 486.518 1 C*
0.2150 0.0 0.175002471.17650.0 300.557 300.557 1 C*
0.2150 0.0 0.174902355.32890.0 263.750 263.750 1 C*
0.2150 0.0 0.1748 1666.67 0.0 51.10 51.10 1 C*
0.2150 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
0.2150 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
0.2150 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
0.2150 0.0 0.0813 1200.0 0.0 -349M1 -349.1 1 C* CI
0.2150 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C* GE
0.2150 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C# GE
0.2150 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
0.2150 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIRI 0.2150 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
0.2150 0.0 0.0 260.C 0.0 62.2 62.2 0
0.2150 0.0 0,0 240.0 0.0 57.4 57.4 0 AIR
0.2150 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR
0.2150 0.0 0.0 180.0 0.0 43.0 43.0 0
0.2150 0.0 0.0 140.0 0.0 33.3 33.3 0
0.2150 0.0 0.0 100.0 0.0 23.7 23.7 0

0.2150 0.0 0.0 .0001 0.0 0.0 0.0 0
0.4640 0.0 60.000003923.36870.0 7097.602 7097.602 1 C*
0.4640 0.0 50.000003922.34350.0 7076.340 7076.340 1 C*
0.4640 0.0 30.000003918.39330.0 6990.828 6990.828 1 C*
0.4640 0.0 20.000003913.73240.0 6884.449 6884.449 1 0*
0.4640 0.0 10.000003900.84910.0 6576.480 6576.480 1 C*
0.4640 0.0 5.000003877.99560.0 6022.477 6022.477 1 C*
0.,4640 0.0 1.000003750.24930.0 3484.573 3484.573 1 C*
0.4640 0.0 0.350003556.S9260.0 1552.108 1552.108 1 C*
0.4640 0.0 0.200003277.59280.0 711.506 711.506 1 C*
0.4640 0.0 0.190003202.85060.0 627.803 627.803 1 C*
0.,4640 0.0 0.180003041,94780.0 513.834 513.834 1 C*
0.4640 0.0 0.175002504.48140.0 310.931 310.931 1 C*
0.4640 0.0 0.174902382.65280.0 272.241 272.241 1 C*
0.4640 0.0 0.1748 1666.67 0.0 51.10 51.10 1 C*
0.4640 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
0.4640 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
0.4640 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
0.4640 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE

0.4640 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C* pE
0.4640 0.0 0.0193 1100,0 0.0 60.4 60.4 1 C* GE
0.4640 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
0.4640 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
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0.4640 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
0.4640 0.0 0.0 260.0 0.0 62.2 62.2 0
0.4640 0.0 0.0 240.0 0.0 57.4 57.4 0 AIR
0,4640 0.0 0.0 200.0 0.0 47.8 47.8 0 AIR
0.4640 0.0 0.0 180.0 0.0 43.0 43.0 0
0.4640 0.0 0.0 140.0 0.0 33.3 33.3 0
0.4640 0.0 0.0 100.0 0.0 23.7 23.7 0
0.4640 0.0 0.0 .0001 0.0 0.0 0.0 0
1.0 0.0 60.000004057.66360.0 7138.723 7138.723 1 0* C I
1,0 0.0 50.000004056.55050.0 7117.508 7117.508 1 C* C* I

1.0 0.0 30.000004052.27420.0 7032.352 7032.352 1 C* C* I
1.0 0.0 20.000004047.22220.0 6926.297 6926.297 1 C* C* I
1.0 0.0 10.000004033.27730.0 6618.926 6618.926 1 C* C* I
1.0 0.0 5.000004009.40720.0 6061.332 6061.332 1 C* C* I
1.0 0.0 1.000003871.26760.0 3519.934 3519.934 1 C* C* I

1.0 0.0 0.350003662.62600.0 1582.190 1582.190 1 C* C* I

1.0 0.0 0.200003361.40160.0 735.431 735.431 1 C* C* I
1.0 0.0 0.190003280.58740.0 650.105 650.105 1 C* C* I
1.0 0.0 0.180003105.82060.0 532.485 532.485 1 C* C* I
1.0 010 0.175002486.32640.0 304.905 304.905 1 C* C* I
1.0 0.0 0.174912075.06880.0 176.557 176.557 1 C* C* I

110 0.0 0.1748 1666.67 0.0 51.0 51.0 1 C*
1.0 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
1.0 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
1.0 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
1.0 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
1.0 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C* GE
1.0 0.0 0.0193 1100.0 0.0 60.4 60.4 1 0* GE
1.0 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
1.00 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
1.00 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
1.00 0.0 0.0 260.0 0.0 62.1 62.1 0
1.00 0.0 0.0 240.0 0.0 57.3 57.3 0 AIR
1.00 0.0 0.0 200.0 0.0 47.7 47.7 0 AIR
1.00 0.0 0.0 180.0 0.0 42.9 42.9 0
1.00 0.0 0.0 140.0 0.0 33.2 33.2 0
1.00 0.0 0.0 100.0 0.0 23.5 23.5 0
1.00 0.0 0.0 .0001 0.0 0.0 0.0 0
2.1550 0.0 60.000004201.65630.0 7183.977 7183.977 1 C*
2.1550 0.0 50.000004200.43360.0 7162.898 7162.898 1 C*
2.1550 0.0 30.000004195.78910.0 7078.117 7078.117 1 C*
2.1550 0.0 20.000004190.30470.0 6972.473 6972.473 1 C*
2.1550 0.0 10.000004175.18360.0 6665.863 6665.863 1 C*
2.1550 0.0 5.000004148.44530.0 6112.777 6112.777 1 C*
2.1550 0.0 1.000003999.98240.0 3568.790 3568.790 1 C*
2,1550 0.0 0.350003776.34940.0 1622.460 1622.460 1 C*
2.1550 0.0 0.200003452.93730.0 765.805 765.805 1 C*
2.1550 0.0 0.190003366.03930.0 678.253 678.253 1 C*
2.1550 0.0 0.180003178,74240.0 556.226 556.226 1 C*
2.1550 0.0 0.175002563.05590.0 329.181 329.181 1 C*
2.1550 0.0 0.174902428.73120.0 286.572 286.572 1 C*
2.1550 0.0 0.1748 1666.67 0.0 51.10 51.10 1 C*
2,1550 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
2.1550 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
2.1550 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
2.1550 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
2.1550 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C* GE
2.1550 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C* GE
2.1550 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
2.1550 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
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2.1550 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
2.1550 0.0 0.0 260.0 0.0 61.9 61.9 0
2.1550 0.0 0.0 240.0 0.0 57.1 57.1 0 AIR
2.1550 0.0 0.0 200.0 0.0 47.4 47.4 0 AIR
2.1550 0.0 0.0 180.0 0.0 42.5 42.5 0
2.1550 0.0 0.0 140.0 0.0 32.5 32.5 0
2.1550 0.0 0.0 100.0 0.0 22.1 22.1 0
2.1550 0.0 0.0 .0001 0.0 0.0 0.0 0
4.6430 0.0 60.000004356.38670.0 7233.516 7233.516 1 C*4.6430 0.0 50.000004355.06640.0 7212.535 7212.535 1 C*4.6430 0.0 30.000004349.99610.0 7128.082 7128.082 1 C*
14,6430 0.0 20.000004344.02730.0 7022.750 7022.750 1 C*

4.6430 0.0 10.000004327.57030.0 6716.680 6716.680 1 C*
4.6430 0.0 5.000004298.52730.0 6163.723 6163.723 1 C*
4.6430 0.0 1.000004137.70310.0 3614.779 3614.779 1 C*
4.6430 0.0 0.350003895.82470.0 1659.755 1659.755 1 C*
4.6430 0.0 0.2000035'45.32010.0 793.749 793.749 1 C*
4.6430 0.0 0.190003450.85520.0 703.942 703.942 1 C*
4.6430 0.0 0.180003247.23140.0 577.170 577.170 1 C*
4.6430 0.0 0.175002587.24220.0 336.718 336.718 1 C*
4.6).30 0.0 0.174902446.85180.0 292.211 292.211 1 C*
4.6430 0.O 0.1748 1666.67 0.0 51.10 51.10 1 C*4.6430 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
4.6430 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
4.6430 0.0 0.1252 1250.0 0.0 -238.5 -238.5 1 C* GE
4.6430 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
4.6430 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C* GE4.6430 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C* GE
4.6430 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
4.6430 0.0 0.0 1000.0 0.0 250.0 250.0 0 AIR
4.6430 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
4.6430 0.0 0.0 260.0 0.0 61.6 61.6 04.6430 0.0 0.0 240.0 0.0 56.8 56.8 0 AIR
4.6430 0.0 0.0 200.0 0.0 47.0 47.0 0 AIR
4.6430 0.0 0.0 180.0 0.0 42.0 42.0 0I 4.6430 0.0 0.0 140.0 0.0 31.9 31.9 0
4.6430 0.0 0.0 100.0 0.0 20.6 20.6 04.6430 0.0 0.0 .0001 0.0 0.0 0.0 0

10.0 0.0 60.000004523.08590.0 7287.566 7287.566 1 C* C I
10.0 0.0 50.000004521.64840.0 7266.633 7266.633 1 C* C II 10.0 0.0 30.000004516.10550.0 7182.422 7182.422 1 C* C I
10.0 0.0 20.000004509,58200.0 7077.316 7077.316 1 C* C I10.0 0.0 10.000004491.61330.0 6771.469 6771.469 1 C* C I
10.0 0.0 5.000004462.62500.0 6207.809 6207.809 1 C* C I
10.0 0.0 1.000004285.25780.0 3644.154 3644.154 1 C* C I
10.0 0.0 0.350004018.12600.0 1683.882 1683.882 1 C* C
10.0 0.0 0.200003631.98660.0 814.692 814.692 1 C* C I
10.0 0.0 0.190003528.03880.0 723.283 723.283 1 C* C
10.0 0.0 0.180003304.30910.0 592.285 592.285 1 C* CG
10.0 0.0 0.175002560.63530.0 328.083 320.083 1 C* CG
10.0 0.0 0.174881887.29000.0 118.726 118.726 1 C* CI
10.0 0.0 0.1748 1666.67 0.0 50.80 50.80 1 C*
10.0 0.0 0.1743 1450.0 0.0 -15.3 -15.3 1 C* GE
10.0 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE10.0 0.0 0.1252 1250,0 0.0 -?38.5 -238.5 1 C* GE
10.0 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
10Oo 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 Co GE10.0 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C* GE
10.0 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
10.0 0.0 0.0 1000.O 0.0 250.1 250.1 0 AIR
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10.0 0.0 0.0 500.0 0.0 120.1 120.1 0 AIR
10.0 0.0 0.0 260.0 0.0 61. 1; 61.44 0
10.C 0.0 0. 0 21O0.0 0.0 56.6 56.6 0 AIR
10.0 0.0 0.0 200. 0 0.0 416.7 416.7 0 AIR
10.0 0.0 0.0 180.0 0.0 1416 It1.6 0
10.0 0.0 0.0 1110.0 0.0 31.2 31.2 0
10.0 0.0 0.0 1(0(.0 0.0 19.2 19.2 0
10.0 0.0 0,0 .0001 0.0 0( 0 0.0 0
110. 0.0 70.000005112.92580.0 71195.691 71495.691 1 C* C I
100. 0.0 60.000005111.53130.0 71180. 9814 7480.9814 1 C* C I
100. 0.0 50.(1000005109.6091;0.0 71160. 195 7460. 195 1 C* C I
100. 0.0 30.000005102.23440.0 7376.570 7376.570 1 C* C I
100. 0.0 20.0000050I93.54300.0 7271 .852 7271.852 1 C* C I
100. 0.0 10.000005(069.67580.0 6965.836 6965.836 1 C* C I
100. 0.0 5.000005027.73050.0 6409.297 6409.297 1 C* C* I
100. 0.0 1 .000004 796.13360.0 3819.462 3819.462 1 C* C* I
100, 0.0 0. 3500014ItO 6 .30170.0 1813.295 1813.295 1 C* C* I
100. 0.0 0. 200(.) 13926. 841400.0 899.137 899.137 1 C* C* I
100. 0.0 0. 190003785.18900.0 797.616 797.616 1 C* C*I
100. 0.0 0. 1800(03487.022(00.0 616.633 646.633 1 C* C* I
100. 0.0 0.175002627.858100.0 3148.924 3148.9214 1 C* C* I
100. 0.0 0.1748142179.87450.0 208.590 208.590 1 C* C*I
100. 0.0 0.17143 1t50. 0 0.0 -15.3 -15.3 1 C* GE
100. 0.0 0.1686 1350.0 0.0 -62.9 -62.9 1 C* GE
100. 0.0 0. 1252 1250.0 0.0 -238.5 -238.5 1 C* GE
100. 0.0 0.0813 1200.0 0.0 -349.1 -349.1 1 C* GE
100. 0.0 0.0429 1150.0 0.0 -98.4 -98.4 1 C* GE
100. 0.0 0.0193 1100.0 0.0 60.4 60.4 1 C* GE
100. 0.0 0.0027 1000.0 0.0 159.2 159.2 1 C* GE
100. 0.0 0.0 1000.0 0.0 251.4 251.4 0 AIR
1100. 0.0 0.0 500.0 0.0 119.2 119.2 0 AIR
100. 0.0 0.0 260.0 0.0 55.4 55.4 0
100. 0.0 0.0 2140.0 0.0 49.3 49.3 0 AIR
100. 0.0 0.0 200.0 0.0 35.1 35.1 0 AIR
1100. 0.0 0.0 130.0 0.0 25.4 25.4 0
100. 0.0 0.0 140. 0 0.0 17.1 17.1 0
100. 0.0 0.0 1(10.0 (1 9.8 9.8 0
100. 0.0 0.0 .0001 0.u 0.0 0,0 0

0
0 2 liOO.0 0.17149 1 1800, 1.

IBLOPT, IOPTN, TCRIT, BPCRIT, IMSG, TABCN, MITER

New line of data must be included.
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APPENDIX E

Putz and Bartlett Correlation for Graphite Ablation

q. = I(puC11, ) (H, - It) , (E.1)

th = (peuC, )' , (E.2)

CM _ 0 (E3)

C H , e~m - -I '

'k. = 2Xm,',, (E.4)

X, (1.012 + 0.01803o' + 0.081403o'2)(1.0 - F1 ), (E.5)

F, = (0.238 + 0.03803,') (F - 0"9560°.
0.60 )' (E.6)

*0.95, M*/M, <. 0.95

F2 = M,/M,, 0.95 < M,/M' < 1.55 (E.7)
1k.55, Mý/M, >t 1.55,

= 1.0 - 0.65630,o' + 0.01794f0,'2 + 0.96365jo' 3 
- 0.0112530ý'4,(E.8)

where

q, = surface convective heat flux,

p, u, C,, = nonablating heat transfer coefficient evaluated at the wall

surface temperature,

H, = recover enthalpy,

= heat transfer correlation parameter C,/Cj,

It,. = static enthalpy evaluated at wall (surface),

C%' = mass transfer coefficient,
,\, = mass transfer correlation parameter,

,3' = ir/p,ueCt,. mass loss parameter,

M," molcular weight of gase, at wall (surface),

M, molecular weight of gases at edge of boundary layer,

i. mass loss rate per unit area at wall (.urfacc).
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